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SUMMARY OF FEATURES 


Sliding Retort Bottom. Carries main ram and 
pushers. Feeds and agitates fuel in retort. No 
pusher rods to warp or buckle. 


Hollow, Air-Cooled Firebars. Assure low main- 
tenance. Preheat a portion of the air for combus- 
tion. Heavy construction. Non-sifting. Alternate 
bars have lateral motion. Replacement requires 
no dismantling of grate surface. 


Drive. Either integral steam piston or gear trans- 
mission. The latter may be driven by electric 
motor, turbine, steam engine or lineshaft. With 
both types of drive, variation of rate of fuel feed 
is accomplished by changing the time interval be- 
tween strokes—a method of proven advantage. 


Reduces possibility 
Provides adequate 
No short stroking at low 


Constant Length of Stroke. 
of caking fuel bed at low ratings. 
agitation at all loads. 
ratings. 


Proper Coal Distribution. Assured by large throat 
opening to the retort, full stroke at all ratings and 
sliding bottom with auxiliary pushers. Lateral mo- 
tion of firebars effects positive, gradual movement 
of the coal toward the dump grates. 





Complete Air Control. Furnished for entire 
grate area including dump grates. 100 per cent 
forced draft surface divided into three pressure 
zones parallel to the retort. 
air supply to grate surface, dump grates and over 
the fire. Air pressure is compensated to the thick- 
ness of the fuel bed, the greatest pressure being 
applied to the thickest portion over the retort. 





SERVING OVER 11,600,000 Sq Ft OF BOILER HEATING SURFACE 


Separate control of 


Smokeless Operation. Design and aperating fea- 
tures, particularly over-fire air supply under dam- 
per control, assure stack conditions that will easily 
meet the requirements of smoke ordinances. 


Easy Operation. Assured by controls for coal 
feed, air supply and ash dumping as well as adjust- 
ments for bar expansion—all at front of stoker. 
Firedoors have peepholes and self-locking safety 
latches. Cleaning doors provide easy access to all 
parts of stoker. 


Low Maintenance. Heavy cast-iron construc- 
tion, air cooling of inside as well as outside of fire- 
bars, provision of adjustment for bar expansion 
and other features inherent in the design assure low 
maintenance expense. 
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HIS unique rheostatic element is 
the heart of the new Type GDA generator- 
voltage regulator. It represents the most 
significant advance in regulator design since 
the development of the Tirrill regulator in 
1903. Why? Because it automatically provides 
smooth changes of resistance without the need 
for vibrating contacts. It is simple, direct- 
acting, and self-contained. 
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FOR SMOOTH, ACCURATE CONTROL 
OF GENERATOR VOLTAGE 





GDA-2 GDA-3 GDA-4 


NEW DIRECT-ACTING REGULATORS 


With the new Type GDA generator-voltage regulator, you can obtain these 
advantages: 


1. Smooth, accurate voltage control 
- Individual control of each generator 


Full automatic control of excitation for a-c. machines in parallel 


Automatic feature relieves operators of responsibility 


Improved voltage control increases efficiency of electric machines and there- 
fore increases production—plant output 


- Reduces the effect of electrical disturbances 


NO PON 


- Low cost of regulator installation and maintenance 





For complete information, write your name and address in the space below, 
tear off and mail to General Electric, Dept. 6Q@-201, Schenectady, N. Y. 
J 
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Looking Ahead in Central- 
Station Practice 


In this issue there appears the first of two articles by 
Professor Christie discussing broadly the factors which 
are most likely to influence new capacity that must be 
installed, sooner or later, to meet most economically in- 
creased central-station load. His second article, to ap- 
pear next month, will take up in greater detail certain 
features of station design that are most likely to meet 
the future requirements. 

Among the various points considered, one deserves 
special attention. This is the conclusion that, with 
present fuel costs, modernization of an old central-sta- 
tion plant may not always be warranted, but increased 
plant efficiency through modernization, coupled with 
increased capacity, will usually warrant the necessary 
expenditure. That is, the installation of a high-pressure 
boiler and turbine exhausting to the existing low-pressure 
system will not only greatly lower the station heat rate 
but will provide additional capacity at relatively small 
unit cost. An outstanding example of such an installa- 
tion is the Burlington Station in New Jersey. 

While unanimity of opinion is lacking as to the present 
need for additional capacity for the central-station in- 
dustry as a whole, largely because of diverse local con- 
ditions, it is quite evident that an early return of normal 
industrial load, in addition to the present increased 
domestic load, would find some sections in need of addi- 
tional capacity. Therefore, the time is opportune to 
consider carefully the designs that will best meet the 
probable conditions. In this connection, the opinions 
of Professor Christie, who has long enjoyed the position 
of an impartial observer in close contact with central- 
station views and practice, will receive thoughtful con- 
sideration by those upon whom will rest the responsi- 
bility for station design. 


Flexibility in Fuel Burning 
to Meet Changing Prices 


Prior to the recent Supreme Court decision, opinion 
within the coal industry was divided between those who 
favored the Guffey Bill for stabilization of the industry 
and those who felt that operation under the bituminous 
coal code was adequate to meet the situation. However, 
according to Washington observers, the decision against 
the NRA appears to have greatly strengthened the pro- 
ponents of special coal legislation, which many contend 
will result ultimately in higher coal prices. 

Fuel oil prices advanced over a year ago to the point 
where coal enjoyed a marked advantage. An increase 
in coal prices would again place the two fuels in compe- 
tition in many localities. 

With this potential situation in view it would seem 
wise for those who are contemplating the installation of 
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pulverized coal to put in combination burners. A fur- 
nace designed for burning pulverized coal is equally well 
adapted to burning fuel oil, and with equipment in- 
stalled for burning either fuel a change over can be made 
in a few minutes. The additional initial cost is rela- 
tively small and the flexibility of such an arrangement 
provides the plant owner with a very effective means of 
taking full advantage of changing conditions in the fuel 
market. 


Will Many of the Younger Engi- 
neers Lack Experience 


This month a new batch of engineering graduates will 
be turned out by the various technical schools. Their 
prospect of obtaining employment along engineering 
lines is somewhat brighter than was the lot of graduates 
during the past two or three years, although many of the 
large companies have not resumed the former practice 
of each year taking a certain number of young engineers 
into their organizations for training in their respective 
lines. 

The diversion of many of these technically trained men 
into lines other than engineering may be beneficial to 
the industries concerned but its effect on strictly engi- 
neering industries will not be felt until the capital goods 
industries have again resumed normal operations. For 
a while the demand will be met by engineers now out of 
employment or on emergency work but as time goes on 
the ranks will need to be supplemented by younger men 
with some practical experience in engineering work 
The gap of the past few years is then likely to be felt. 

The effect may be to place a premium on the services 
of those with the requisite qualifications and experience. 


Performance of 
British Power Stations 


On page 36 will be found a tabulation of the perform- 
ance of forty-two British power stations for 1934 as re- 
ported by the Electricity Commission. Barking “B” 
Station which tops the list with an efficiency of 27.95 
per cent and Battersea which has the lowest coal con- 
sumption, namely 1.06 pounds per kilowatt-hour, closely 
approach some of our most efficient stations. While the 
average of 1.58 pounds per kilowatt-hour for all the 
British central stations is still some points above the 
average of 1.45 for this country, last year saw an im- 
provement of 0.07 lb for the British stations as com- 
pared with 0.01 Ib for our own. 

So many factors enter into the problem that com- 
parisons are likely to be misleading but it is significant 
that British power station practice is now pushing to the 
front rank. 
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Burlington Station of the Public Service Electric and Gas 
Company (New Jersey) an outstanding example of a high- 
pressure boiler and turbine superimposed on the old low- 
pressure plant. 
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General problems connected with the 
future growth of the power load and means 
for meeting such an increase are discussed 
in the present article. Part II, which will 
appear in the July issue, will take up de- 
tails of plant design and comment upon 
possible developments in equipment. 


PART I 


URING a forced convalescence, the writer inter- 
l) ested himself with planning the modernization 
of central station plants with the design of which 
he has been associated, and also with picturing the design 
of new plants to utilize the latest machinery available. 
These conceptions, while incomplete and with much de- 
tail lacking, suggested the idea that many of these prob- 
lems deserve consideration by other engineers in order 
that they may be ready to meet situations that may de- 
velop when the power load grows again. These com- 
ments will not be as specific and detailed as Gaffert’s 
discussion of ‘‘High Pressure Steam and Binary Cycles,” 
Trans. A.S.M.E. Oct. 1934, nor as in Iddles’ ‘Planning 
New Capacity,” Elec. World, Apr. 13, 1935, and other 
similar discussions. 


Economic Factors 


One cannot be other than an optimist on the future of 
the United States. Soon the common sense of our people 
will prevail and the normal prosperity of the country 
will return. Then power loads will grow rapidly and 
engineers will find themselves faced with new problems 
in providing for this growth. There are many indica- 
tions that the turn toward prosperity has already oc- 
curred. For instance, power loads have shown moder- 
ate gains over former years. Hence, it is pertinent to 
consider what should be done when the power load starts 
to grow more rapidly. 

Engineers cannot overlook the changed economic 
status of central station projects. The hostile attitude 
of the Federal Government toward utilities, increased 
taxes, the demand by customers for decreased rates for 
service and the consequent poor market for utility 
securities, will necessitate more serious consideration of 
costs and particularly of investment than was customary 
in the past. One can say that costs will dominate future 
plant design and rehabilitation. 

What about the probable rate of load growth? This, 
of course, cannot be predicted with any exactness. The 
domestic load is growing steadily and will grow even 
more rapidly with lowered rates. This load is becoming 
more diversified over the hours of the day than when 
lighting was the main service. The shorter hours of 
labor have also affected the peak load that used to come 
at six o’clock in the evening. It is quite possible that 
daily peaks in cities with heavy industrial loads may 
hereafter occur in the morning hours. A few years ago, 
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When the Power 
Load Grows 


By A. G. CHRISTIE 


Professor of Mechanical Engineering 
The Johns Hopkins University, Baltimore, Md. 


the writer made a study of the growth of load following 
1918 in certain cities in Western Canada and in England. 
The total load on each utility grew very rapidly after 
the war adjustment, but the most surprising fact was 
that this growth soon restored the load about to the 
projected curve of normal growth before the war. In 
other: words, the electrical load, when given an economic 
opportunity, compensated for losses during the four years 
of war and the depression years in Canada and England 
directly following the war. 

Can a similar growth be expected in the United States? 
If normal prosperity returns, such increases will prob- 
ably occur. Of course, one must concede that our use of 
electricity is much more highly developed than in Eng- 
land in 1920, but no more so than in the Canadian cities. 
This development should be given consideration in pro- 
jected load studies from pre-depression years. The 
economies forced on manufacturers by the depression 
and by N.R.A. have induced the replacement of high 
cost labor by machinery. This will lead to increased 
power consumption later. Hence, one may expect a 
substantial and rapid growth of power load as well as of 
domestic load when economic conditions improve. 

These considerations indicate that a substantial in- 
crease in generating capacity must shortly be provided 
by certain utilities with small spare capacity, and that 
this new capacity must be installed at low cost and de- 
signed to give the greatest possible return per dollar 
invested. 

In the past, engineers have been accused of building 
expensive plants to secure the highest thermal efficiency. 
Someone had to pioneer in high-pressure and high-tem- 
perature equipment and these developments were some- 
times expensive. Their experiences have resulted in 
substantial advances in the art of station design and 
others have benefited from their pioneer work. Later 
designs of high-pressure and high-temperature plants 
have cost little if any more than low-pressure plants. 
The cost of future equipment, its probable life, its over- 
all station economy, and probable fuel prices will govern 
the final decisions on new plant extensions. 


Size of Plant 


Shall a new plant be one of the so-called‘‘ superpower” 
plants with machines of great capacity and with a large 
total output? Or is it preferable to build a number of 
medium sized plants, spread over the territory served and 
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close to load centers? This decision depends on the 
economics of the situation. The subject has been dis- 
cussed by other writers and only a few comments will 
be presented. One must balance the economies of dis- 
tribution from a number of smaller plants on a power 
system against the savings from generation in the large 
station and distribution therefrom. Reliability may 
favor the smaller stations. First and operating costs 
will be less in the large station. Transmission losses 
will be greater with the large station. The problem 
becomes a local one and no set solution can be stated for 
all cases. 

The decision on plant size is also affected by problems 
of inter-connection and reserve. Ifa portion of the new 
station can serve as a reserve to an inter-connected system 
and its cost shared by all other connecting companies, 
a larger installed capacity may be warranted than would 
be the case for a single system. 

Inter-connection introduces other cost problems. In 
an inter-connected system the plant with the lowest incre- 
ment power cost, with consideration of transmission 
losses, should be given the base loads of all inter-connected 
companies. Everyone likes to see his new station fully 
loaded. Hence, there is a tendency to design a station 
with the lowest thermal rate of the inter-connected system 
for, in general, increment cost is fuel cost. However, 
there is no economy in securing this low thermal rate at 
the expense of unduly increased first cost and fixed 
charges. There is no discredit attached to a new station 
that may only serve during peak load and as reserve for 
the interconnected system, if this station provides these 
services at the lowest cost—both investment and oper- 
ating. The writer has urged the study of peak load 
plants as possible means for reducing power costs and 
has planned several such plants. Sucha plant may oper- 
ate only a few hundred hours per year and serve as reserve 
for the remainder of the time. The sole object of each 
new plant should be to provide the desired service with 
reliability at the lowest possible total cost. 

The utilization of secondary and surplus power also 
must be considered. For instance, in times of high 
water, secondary hydro power may be had at low incre- 
ment cost of plant expansion to develop this power. 
Again, surplus power from certain industries within the 
system’s area, may be available upon a firm power or 
dump power basis. This, if furnished at a low incre- 
ment cost, should also be utilized. Finally, there are 
sometimes installed in industrial plants, certain units 
that could be called on for peak or emergency service. 
Consideration must be given to the effect of business 
cycles on the availability of industrial generating equip- 
ment. In dull times this industrial plant may not be 
kept in active reserve. Such reserve plant, when avail- 
able, lessens central-station investment and thus has an 
asset value to the system as a whole. 


Operating Conditions 


The plant designer now has a wide range of operating 
conditions from which to choose. He may select any 
boiler pressure up to 3200 lb per sq in. and any tempera- 
ture up to 1000 F. Some of these pressures and tem- 
peratures are still in development stages but commer- 
cial plants have been operated at these conditions and 
suitable equipment is now offered by builders. 

Steam pressures and temperatures should be chosen 
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so that exhaust conditions with 29 in. of vacuum will 
vary from 10 to 12 per cent moisture content in the steam. 
With high tip speeds on the blades of the last rows, this 
appears to be about the maximum range for moisture if 
rapid blade erosion is to be avoided. Such exhaust 
conditions can be secured by proper selection of initial 
steam pressures and temperatures or by interstage re- 
heating of the steam. 

Studies at several operating conditions will have to 
be made and estimates prepared of first cost and operat- 
ing costs under the expected load conditions before a 
decision can be made. No serious trouble has devel- 
oped in high pressure stations and one may confidently 
expect new stations to be built for higher pressures than 
has been past practice. Boiler and turbines have been 
designed for some of these higher pressures and hence de- 
velopment charges on such equipment should be moder- 
ate. 

While the stations employing higher pressures have 
operated quite satisfactorily, there is a tendency to cau- 
tion as to increasing temperature. In general, increased 
steam temperature tends to be the cheapest means of 
achieving higher thermal efficiency as only that small por- 
tion of the plant from the superheater inlet to the inter- 
mediate pressure section of the turbine is affected by the 
increased temperatures. Due to less steam consump- 
tion with increased superheat, boiler, heaters and con- 
denser surfaces can be decreased and their cost lessened. 

Many of the earlier stations designed for the higher 
pressures, were equipped with live steam or gas reheaters. 
These increased first cost, made the stations more com- 
plicated and limited the flexibility of operation of the 
unit. New stations will, in all probability, have suf- 
ficiently high initial temperatures at the operating pres- 
sure that reheating will be unnecessary. Initial steam 
temperatures of 850 and 900 F are already used in 
new stations. Turbine builders are prepared to furnish 
units for these temperatures. The use of such high 
temperatures with high steam pressure will simplify 
the lay-out, lower first cost and decrease operating prob- 
lems as compared to reheating. 

An error frequently made by designers has been an 
over-estimation of the useful life and output of a new 
unit, particularly one on a growing system. The new 
equipment for the first few years of its life, is given the 
base load of the system and, under these conditions, it 
provides excellent performance records. When the 
next unit is added, it usually embodies improvements 
due to progress in the art, and, as a result, the new unit 
in turn, carries the base load. The older unit is then 
relegated to a lower use factor. With the addition of 
still more units, the first unit shortly serves for peak 
load service only. The older unit may even be replaced 
by more economical equipment though, as a piece of 
machinery, it still is capable of much useful service. 

Other contingencies may lead to the same result, 
namely, a small ayerage use factor over the total life 
of the unit. For instance, one comparatively new sta- 
tion with creditable thermal performance, now provides 
peak load and stand-by service only through a system 
inter-connection with a new water power plant and also 
with another new station with a lower increment rate. 
Designers must therefore give careful consideration to 
the probable average use factor of the plant throughout 
its whole life and in preparing this estimate they must 
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consider the effects of further developments in the art of 
power station design and inter-connections. 

There appears to be radical differences in the practice 
of various Government and Regulating Commissions 
regarding methods of providing for retirement of plant. 
Some utilities either have neglected to provide adequate 
depreciation reserves or are prevented from making 
necessary appropriations for depreciation. Proper de- 
preciation and retirement should be provided so that 
lower rates are possible through lessened investment 
values on the books of the utility. A standard deprecia- 
tion and retirement policy would be an important con- 
tributing factor in straightening out the present diffi- 
culties of the utilities and in stabilizing rates. 


Further Thermal Advances Possible 


It has been suggested that recent improvements in 
boilers, turbines, condensers and auxiliary apparatus 
leave little for further development. While the opera- 
tion of these machines has been greatly improved and, in 
the case of certain ones, is approaching the economic 
limit of development, the writer firmly believes that ad- 
vances in thermal performance may still be attained 
through the use of still bigher pressures and tempera- 
tures, and through the employment of additional heat 
recovery apparatus in the steam generating plant. 
Furthermore, one may see the introduction of new power 
generating equipment into central stations that at pres- 
ent is considered foreign to such uses. Also the possi- 
bilities of binary cycles are still to be fully explored and, 
as indicated by the excellent performance of some mer- 
cury-steam plants, these hold great promise of lower cost 
of power for base load piants where fuel costs are high. 

The diesel engine is taking its place as a central station 
prime mover. In this country it has been used only in 
municipal stations and in some of the smaller privately 
owned plants. However, in South America and else- 
where stations of moderate size are employing diesel 
engines. Iddles proposes diesel engines for peak load 
capacity as these have the advantage of quick starting 
and small attendance costs. A recent European plant 
contains single units of 5000 kw each while much larger 
units were offered recently for a Canadian plant. The 
municipal plant at Vernon, Cal., contains five units of 
7000 hp capacity each. A few years ago the writer had 
studies made of a diesel station of 50,000 kw capacity. 
This proved more economical than steam for the given 
location and load conditions. However in this case, 
cheap water power was purchased instead. 

Further study should be given to plant auxiliaries. 
These have in the past been chosen largely on the basis 
of their reliability and operating characteristics. It 
would seem timely to study these auxiliaries from the 
point of view of power consumption under varying loads 
and of their influence on overall station heat rate. The 
auxiliary requirements may exert considerable influence 
on the latter. Present practice favors electrical drive 
for station auxiliaries with few steam-driven reserve 
units. Is there a place for steam-driven auxiliaries with 
the more efficient turbine drive now available? Can this 
auxiliary service be provided more cheaply by another 
power source? Internal-combustion engines have been 
developed to a high degree of reliability. Their construc- 
tion and operation is known to every automobile user. 
It is possible that these engines may furnish cheaper 
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service for auxiliaries under variable-speed conditions 
than motor-driven units. 

Auxiliary power may come from several sources. 
Among these, the house generator, driven by a separate 
house turbine, was a favorite some years ago. This was 
superseded by the house generator directly connected 
to the main turbine. The combination had the advan- 
tage of generating the auxiliary power at the same steam 
consumption as the main unit and also served as a stabil- 
izer on the turbine speed in case the main unit dropped 
its load. In other cases auxiliary power is taken from 
the main generator through transformers placed between 
the generator terminals and the main switches. This 
also provides auxiliary power at a low steam consumption. 

A few years ago the writer had a diesel-generator set 
installed for house service in a foreign plant. This has 
given satisfactory service at a low operating cost. This 
plant is several hundred miles distant from any other 
electrical service and hence had to start by itself. The 
diesel engine-generator being independent of other power 
sources, readily provided a-c power to the boiler and con- 
denser auxiliaries and enabled the plant to be started with 
no difficulty. It can also be paralleled with the main 
units. Such engine-generator sets have some disiinct 
advantages as house service units particularly for isolated 
plants. 

Type of Building 


A few years ago much discussion centered on the con- 
struction of out-of-doors power plants. Some enthusiasts 
estimated large savings in first cost from this type of 
plant. The writer recalls an experience many years 
ago when he had to reblade a turbine in a plant which 
had no heat except some salamanders and with outside 
temperatures ranging about 10 F below zero. Ever 
since that time he has been convinced that out-of-doors 
electric central stations have no permanent place in the 
colder sections of our country. In southern latitudes 
there is little need for protection of power plant ma- 
chinery except to keep off sun and rain. In fact the 
writer when in Great Britain some years ago approved 
such a type of plant for the Far East. 

The preceding comments would indicate that the out- 
of-doors plant is impractical from an operating and main- 
tenance standpoint in our Northern states. As regards 
costs, little comparative data are available. There can 
be little saved on sub-structures; steel-work must be 
provided to carry the crane, and additional covers and 
operating run-ways must protect the machines from the 
elements. The costs of these offset much of the savings 
from omission of the usual building walls. 

American designers have generally built high compact 
power houses. These, in some cases, are necessitated by 
the limited site available or by the high land values. 
British and Continental plants are characterized by a 
spread-out arrangement of equipment and low, less ex- 
pensive buildings. Evidently considerable study can 
be devoted to the economies of the two types of con- 
struction. The urge to cut investment may lead to the 
adoption of plants of lesser height than heretofore. 

Almost every old station has a solid wall separating 
the turbine and boiler rooms. This has been omitted 
with savings in cost in some recent stations. Modern 
boiler plants are relatively clean while turbines have 
few exposed parts that would be injured by dust. There 
is thus less justification than formerly for such a wall 
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and, as one of the economies of power house construc- 
tion, it will probably be omitted in new stations. 

The desire to make a plant attractive in appearance 
deserves encouragement. However, some of the embel- 
lishments of older plants are hardly warranted. Simple 
panels of different colored brick or tile can be made 
to produce pleasing effects at less expense than enameled 
materials. Plenty of natural lighting should be provided 
for all parts of the plant with good artificial illumination 
for night service. 

There will be an increasing demand on the part of the 
public that the best of smoke-prevention and dust- 
catching equipment be embodied in the newer plants, 
particularly if these are located near residential or busi- 
ness districts. Dust-catching equipment, as at present 
developed, is large, bulky and heavy. If placed on top 
of the boiler room, it requires heavy and expensive steel 
work. In the spread-out construction this apparatus 
may be placed near ground level. 

Recently published performance data indicate that 
cyclone separators remove from 60 to 72 per cent of the 
dust in flue gases though better performance is claimed 
for new types. Electrostatic separators remove from 
75 to 95 per cent of the dust depending upon the size, 
number and rating of the units. Neither type removes 
sulphur or acid gases. 

In Great Britain it is required that in new power plants 
near urban areas, not only must the dust be removed from 
the flue gases but the sulphur and other acid gases must 
also be washed out and neutralized. When one considers 
that a plant burning 1000 tons of coal a day with 2 per 
cent of sulphur will discharge into the atmosphere each 
24 hr, 60 tons of sulphuric acid, 4 to 6 tons of nitric acid 
and often some hydrochloric acid, then one realizes the 
seriousness of pollution from these acids in residential 
areas. These gases attack limestone, mortars and ce- 
ments, and lead to rapid deterioration of building ma- 
terials. Many of our Middle Western coals carry from 
2 to 5 per cent of sulphur. The destructive effect of the 
products of combustion of such coals must be tremen- 
dous and must result in unnecessarily high expense to 
residents of areas where such coals are burned. 

Gas washing to remove sulphur compounds as de- 
veloped by British engineers neutralizes the acids with 
lime water in a scrubber through which the gases pass. 
Settling basins provide for the removal of the products 
of these reactions in the latest process, thus providing a 
clear effluent which may be recirculated as lime water. 
The design involves large washing, reaction and settling 
chambers which add appreciably to the cost of the plant. 
Hence, we find new social demands for a clean atmos- 
phere, offsetting the savings made in other directions in 
plant construction. 

Some years ago an American engineer stated that he 
expected to see the day when the power plant would be 
required to return gases to the atmosphere as clean and 
acid-free as the air entering the furnaces. The British 
are already approaching that ideal condition. 

Many plants have been designed for their ultimate 
capacity, often with provision for duplication of the origi- 
nal boiler and turbine units. When a station will be 
completed in a relatively few years, this construction 
may be warranted. In some cases the advantages of 
duplicate equipment, interchangeability, and few spare 
parts, may justify this practice. However, in general, 
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such plants fail to take advantage of progress in the art 
during the interval until final completion. This suggests 
the idea that new stations should be planned on a unit 
basis, each unit being complete in itself. In this way 
changes in load, or advances in the art of power plant 
construction, can be advantageously used in the design 
of the next unit. These units should be of the one boiler- 
one turbine type where possible, which arrangement 
has fully justified itself as a reliable combination in many 
existing power plants. 


Modernization of Old Stations 


The shortage of funds available for plant extensions 
will cause engineers to give serious study to the possi- 
bilities of modernizing old stations. The turbine-genera- 
tors in these stations are seldom worn out in the sense 
that they are fit only for the scrap heap. In these tur- 
bines, blades and nozzles may be eroded, clearances may 
be large, condensers may require new tubes and genera- 
tors may need some repairs. This maintenance can 
be provided at a moderate cost and the unit can be re- 
stored to good operating performance for the conditior s 
for which it is designed. These older plants generally 
were built for steam pressure and temperature conditions 
now considered too low for good performance. The 
boilers are small and numerous. The furnaces are of 
too small a volume for high efficiency. Refractory walls 
only were provided. The stokers are of early types with 
high maintenance costs and a relatively poor economy. 
However, if proper depreciation funds have been pro- 
vided, these old stations should have a low book value. 

Studies may indicate the possibility of replacing these 
old boilers with large modern units inside the same build- 
ing structure, and designed for higher steam pressure 
and temperature. Water-cooled furnaces with modern 
stokers or pulverized coal equipment and with air pre- 
heaters make high efficiency obtainable. Improved coal 
and ash handling arrangements cheapen boiler-room 
operation. 

In the turbine room, a reducing unit can be installed 
to receive the steam from the boilers and to exhaust at 
the pressure and temperature conditions for which the 
older steam turbines were designed. The steam tem- 
perature from the new boilers should be chosen suffi- 
ciently high to provide a temperature at the exhaust of 
the new unit equal to the former operating superheat. 
This reducing turbine, depending upon new and old 
boiler pressures, may increase the capacity of the sta- 
tion from 10 to 20 per cent, and, at the same time, en- 
able the station to show a thermal performance approach- 
ing that of modern plants. One must recognize that the 
older turbines which now act as low-pressure units, will 
not have as good efficiency as a new low-pressure section. 
Such a rebuilt plant could carry the regular loads of the 
system with satisfactory performance. 

Utility operators frequently complain of the high 
charges of turbine, builders for any reconstruction work 
on old units. This in many cases has prevented such 
rebuilding. A more liberal policy on the part of manu- 
facturers would encourage much rehabilitation work to 
be undertaken. 

Modernization in another manner is now being carried 
out at the Connor’s Creek Station of the Detroit Edison 
Co. This station was originally built for three 20,000- 
kw turbines which operated at 225 lb per sq in. gage, 
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600 F and at a heat rate of 19,000 Btu perkwhr. The 
turbines are being converted to 30,000-kw units by addi- 
tional new parts on the same foundations and using the 
same condensers. The boilers are being replaced with 
modern units in the same boiler space and using the 
same supporting steel as the old boilers. Modern under- 
feed stokers are also furnished. This reconstructed 
plant will operate at 600 lb per sq in. gage, 825 F and 
at a heat rate of 13,000 Btu per kw hr. This perform- 
ance compares favorably with a new station while the 
cost of the change is said to be small compared to the cost 
of building a complete plant on a new site. Substruc- 
ture, steelwork, coal bunkers, turbine foundations, 
condensers, intake and discharge tunnels, crane and much 
other equipment of the old station have not been re- 
placed. 

Many of the older stations are maintained only for peak 
load service or for standby to water power plants. In 
these cases, the expense of such reconstruction as outlined 
above, may not be warranted. Even in such a plant, 
increased capacity may sometimes be obtained at 
moderate expense. For instance, the addition of water- 
cooled walls to the furnaces together with a re-arrange- 
ment of the boiler tubes to form a slag screen will permit 
the operation of the furnace at greatly increased ratings 
and better efficiencies during peak loads or in emergen- 
cies. Frequently larger furnace volumes may be ob- 
tained at small cost by changes in the ashpit. Air pre- 
heaters can recover waste heat from flue gases and 
thereby increase boiler capacity and furnace efficiency. 
After boiler capacity is increased by these means, an 
additional turbine for peak load service can be added at 
a relatively low cost, thus providing increased station 
capacity at small expense. Some existing stations will 
warrant careful study to determine whether such im- 
provements are the cheapest method of securing addi- 
tional system capacity to be used on the peak rather than 
on the base of the load curve. If the life of the station is 
prolonged by these changes, depreciation charges will de- 
crease, thus tending to lower the cost of power from the 
system. 

Will modernization pay for itself? This is an indi- 
vidual problem for each plant and depends on the prob- 
able use factor and fuel cost in the reconstructed plant. 


If the object of rehabilitation is to improve plant 
economy only, the savings to be effected in fuel costs 
during the correctly estimated operating life must pay 
an adequate return on the increased investment. This 
return must include interest, depreciation, taxes and 
insurance, plus an allowance for profit. The total varies 
with the expected additional life and use of the rehabili- 
tated plant. It will seldom be less than 16 per cent and 
and may be much higher. It is doubtful whether fuel 
savings alone will justify modernization of an old plant 
witb no increase in capacity unless fuel prices rise much 
higher than at present, as compared to an investment in 
a new plant. 

On the other hand, when fuel savings on the old plant 
are combined with a substantial increase in plant capac- 
ity, the problem is much altered. One can then allocate 
a proportion of the cost of rehabilitation to this added 
capacity and thus reduce the cost of securing better 
performance. One must determine whether this added 
capacity is secured cheaper than in any other way and 
also whether the fuel savings warrant the added expense 
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to secure them. This again is a problem local to each 
plant considered. 

A few years ago the writer called attention to the possi- 
bilities of steam accumulators and turbines as a low cost 
equipment to carry peak loads. While these have been 
used abroad, none so far have been installed in central 
stations in this country due to the greater flexibility of 
American furnaces in carrying rapidly changing loads 
and to low banking costs. 


The Designing Engineer 


At the time these paragraphs are written the Wheeler- 
Rayburn Bill to dissolve holding companies is before 
Congress. Should this bill become law, certain diffi- 
culties may arise in the employment of the engineering 
forces of a holding company for modernization studies 
or for the design of a new plant. 

While the various engineering subsidiaries of the hold- 
ing companies and the independent engineering concerns 
render excellent and economical service, the writer has 
sensed a growing tendency on the part of the operating 
companies to do their designing and construction with 
their own engineering forces. This adds much to local 
pride. However, care must be observed that the local 
engineers have made the best analysis of the situation, 
are fully acquainted with developments elsewhere and are 
competent designers. The employment of experienced 
consulting engineers to review and advise on such pro- 
posed work, has, on many past occasions, proved highly 
remunerative and advantageous to the local companies. 

If local talent is to be used, these engineers should 
be given an opportunity to travel about the country to 
observe and study the latest plants and to discuss their 
problems with operators of other utilities. Some com- 
panies in the past have been quite short-sighted in not 
providing their engineers with ample opportunities to 
look over and study the work of others. 


F.. H. Rosencrants a Vice President of 
Combustion Engineering Co. 


At a recent meeting of the 
Board of Directors of the 
Combustion Engineering 
Company, Inc., F. H. Rosen- 
crants was elected a Vice 
President, effective June l, 
1935. He will assume charge 
of the Proposition Engineer- 
ing Department. 

Mr. Rosencrants for a num- 
ber of years was mechanical 
engineer with the Electric 
Bond and Share Company and 
later Chief Engineer of In- 
ternational Combustion, Ltd. 
of England. In these positions he was responsible for 
the design of many of the outstanding plants in this 
country and the British Empire, and in 1928 received the 
award from the Institution of Electrical Engineers, Great 
Britain, for his paper on “Practice and Progress in the 
Combustion of Coal for Steam Generation,’’ as the most 
valuable contribution on any subject presented that year. 
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What Every Boiler Operator 






Should Know About Superheaters 


Circulation of steam in sufficient quan- 
tity through the superheater units is 
vital to the life and reliability of the equip- 
ment. Insurance of this during starting 
up and shutting down is discussed, as 
well as the effects of flame impingement, 
slagging and scaling due to moisture and 
carry over. The necessity for setting the 
safety valve on the superheater outlet 
several pounds lower than that on the 
boiler is explained and other factors with- 


in the control of the operator are re- 
viewed. 


ANY boiler operators appear to be of the opinion 
that the superheater can function successfully 
under the same conditions as the boiler heating 

surface. For this reason, superheaters frequently are 
abused and neglected, with the result that the life of the 
equipment is greatly reduced and the maintenance cost 
increased considerably. Such conditions can be avoided 
if a few points of difference as to boiler and superheater 
operation are borne in mind and reasonable care is ex- 
ercised in the care of the superheater. 

The boiler contains tubes of relatively large diameter, 
filled with water and absorbing heat from the gases 
of combustion. The superheater, on the other hand, 
consists of a large number of small diameter tubes filled 
with vapor and also absorbing heat from the hot gases. 
In the boiler tubes the water circulates naturally by its 
change in density as it absorbs heat. So long as there 
is water in the boiler drum, and there are no dead pockets, 
this circulation will continually remove the heat as it is 
conducted through the walls of the tubes. The natural 
circulation of the water and the absorption of heat by 
this water combine to protect the boiler heating surface. 
Should the boiler, for some unforeseen reason, be isolated 
suddenly from the main steam line, the boiler surface 
still is protected by the natural circulation of the water 
in the tubes. The safety valve, of course, will relieve 
the excess steam, but a continual supply of feedwater is 
injected, which maintains circulation as under normal 
operation on the line. 

In the superheater a different condition exists. The 
circulation of steam through it depends entirely upon 
the pressure difference between the inlet and the outlet. 
This pressure drop is a direct function of the steam ve- 
locity which, in turn, depends upon the quantity flowing 
and the internal area of the tube. It can be said, there- 
fore, that the proper combination of steam quantity and 
velocity provides the protection for the superheater. 
Since superheaters are installed between the boiler outlet 
and the steam main the steam flow through the units is 
assumed to be continuous. If the stop valve be closed, 
no steam will flow through the superheater units, and 
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By JOSEPH WAITKUS, Engineer 
The Superheater Company, New York 


both the steam velocity and the pressure drop become 
zero because the inlet and outlet ends of the superheater 
are at the same pressure. It is not difficult to visualize 
what will take place under such a condition. With no 
steam flowing to remove the heat as it is conducted from 
the outer to the inner surface of the tube the temperature 
approaches that of the gases flowing past the superheater. 
If this temperature is higher than the safe temperature 
for the tube material, failure may result from burning or 
oxidation of the material. 

It may be concluded, therefore, that circulation of 
steam in sufficient quantity through the superheater 
units is of vital importance, particularly when it becomes 
necessary to start up or shut down the boiler. For a 
considerable period during both of these operations the 
boiler stop valve is closed and no steam passes through 
the superheater to the steam main, although hot gases 
are passing over the superheater surface. To meet this 
condition the superheater is provided with a suitable 
drain valve on both the saturatec- and the superheated- 
steam headers. The purpose of the drain valve on the 
saturated-steam header is to remove any condensed 
steam in the header and thereby permit free movement 
of steam from the boiler to the superheater units. This 
valve is closed as soon as the condensate is drained away. 
The drain valve on the superheated header when open 
will permit circulation to take place through the super- 
heater units which protects them while the boiler is 
gradually brought up to the operating pressure. 

Too frequently operators give only a half turn to the 
drain valve, having in mind the saving of steam. While 
some circulation is set up thereby, it may not be enough 
to protect the superheater. The size of the valve is se- 
lected with the express purpose of passing sufficient steam 
to get the desired circulation, and boiler operators should 
take advantage of it. It is far better to lose a few dollars 
in steam than several hundred dollars in superheater 
tubing. The drain can be directed to a sewer or sump 
through piping of the same diameter as the valve. It 
should never be connected to a trap or any contrivance 
which might hinder the free flow of steam. When the 
boiler has reached*the operating pressure and is on the 
line, then and only then should the drain valve be closed. 
When the boiler is being taken off the line the drain 
valve should be opened again as soon as the stop valve 
is closed, and remain open until the boiler is placed on the 
line again. 

In some plants it is necessary to bring the boiler on the 
line far more rapidly than is normal practice. This re- 
quires a large release of heat in the furnace in order to 
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generate steam rapidly. To meet this condition plenty 
of steam circulation and velocity is necessary through 
the superheater units. Drain valves larger than those 
usually furnished will aid the situation. Under ex- 
treme conditions, as with a radiant-type superheater, it 
may be necessary to furnish steam from another boiler 
in sufficient quantity to keep the superheater cool until 
the boiler reaches the operating pressure and is placed 
on the line. 

The boiler operator will find it very convenient to in- 
sert a thermometer in a thermometer well, located in the 
superheated-steam header, and, as the boiler is building 
up pressure, make periodic observations of the steam 
temperature. This will permit close control of the drain 
valve so as to keep the temperature down to a safe limit 
of about 800 F and at the same time drain only as much 
steam as is necessary to keep within this limit. 

Operators sometimes raise the question as to why it is 
necessary to have the safety valve at the superheater 
outlet and, furthermore, why the safety valve should be 
set from 3 to 5 Ib. below the setting of the boiler safety 
valve. These questions have a bearing on the circula- 
tion of the steam through the superheater units. When 
the boiler safety valve opens there is a rush of steam to 
the atmosphere and, since the pressure difference is 
greater through the safety valve than through the super- 
heater units, practically the entire steam flow is directed 
through the safety valve. The superheater, therefore, 
is robbed of the steam needed to protect it. Toremedy 
this condition, a safety valve is provided at the super- 
heater outlet and is set from 3 to 5 Ib. below the boiler 
safety-valve setting. The superheater safety valve, 
therefore, will blow before the boiler safety valve, which 
means that the steam, in passing from the boiler to the 
atmosphere, must pass through the superheater and 
thereby protect the units. Operators should be cautioned 
not to change the relative settings of the boiler and super- 
heater safety valves, once they are set properly. 

Now consider the gases flowing over the external sur- 
face of the superheater. The temperature of these 
gases frequently will determine, to a large extent, the 
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Fig. 1—Typical convection superheater in cross-drum boiler. 
The large amount of boiler heating surface ahead of the 
superheater protects the latter 
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Fig. 2—A typical superheater tube failure caused by flame 
impingement 


degree of care necessary in operating the superheater. 
For instance, a radiant superheater located directly in 
the furnace will require particularly close attention. 
The gas temperatures are sometimes in the neighbor- 
hood of 2500 F. Such temperatures would be most 
detrimental to any tube material used today in super- 
heater manufacture, if steam flow ceased in the super- 
heater units even for a short period. If, on the other 
hand, we consider the convection type of superheater, 
illustrated in Fig. 1, it will be noted that there is a large 
amount of boiler heating surface ahead of the super- 
heater. This surface reduces the temperature of the 
gases considerably so that in passing over the superheater 
surface they are relatively low in temperature, compared 
to the radiant superheater. Cases have been reported, 
with superheaters of the type shown in Fig. 1, where 
there has been occasion to disconnect the superheater 
units from the header and, without removing the units, 
to continue operation of the boiler for quite a period. 
When these units were removed at some more convenient 
time they were found to be in good condition and ready 
for further operation. These, however, are exceptional 
cases and are cited simply as an illustration of the pro- 
tection a superheater can get from the boiler heating 
surface ahead of it. 

One of the greatest sources of trouble in superheater 
installations is flame impingement. If located in a region 
where flames can impinge on the tube surface, failure 
will occur sooner or later in spite of what may be con- 
sidered as continuous and normal steam flow. It is not 
difficult to explain why this is so. The flame is hot 
enough to burn the tube surface and form a thin layer 
of oxide. The oxide then is worn away by the erosive 
action of the flame as it sweeps over the tube surface 
and uncovers the bare surface of the tube. The con- 
tinual oxidation and erosion of the tube material soon 
wears the tube section down until it is too thin to stand 
the pressure and failure results. The time it takes to 
cause failure will depend upon conditions in the furnace 
combined with the quantity of steam flowing through 
the units and its velocity. The views in Fig. 2 illustrate 
a typical tube failure from flame impingement. Note 
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the thinned cross-section on the failed side, also the thin 
layer of oxide broken away in places on the tube surface. 
If flame impingement cannot be avoided the superheater 
surface must be covered with a protective material which 
can be renewed from time to time. 

The point to bear in mind in connection with flame 
impingement is the fact that it is due entirely to furnace 
conditions. Proper adjustment of burners and combus- 
tion, and close observation of flame length, with particu- 
lar notice of its proximity to the superheater, will aid 
materially in eliminating an important source of trouble. 
In giving furnace operation data for the design of a su- 
perheater, too frequently information regarding flame 
conditions is omitted, with the result that trouble arises 
because provisions were not made to protect the super- 
heater properly, nor to install it in a more advanta- 
geous position. 

On the subject of furnace conditions another very 
common source of trouble, is the so-called ‘‘secondary 
combustion.’’ Superheater design is based on the as- 
sumption that combustion of the fuel is completed in the 
furnace and that only the products of combustion pass 
over the surface of the superheater. This applies to the 
convection superheater. The radiant type, of course, 
depends largely upon the heat radiated from the flame. 
A properly designed furnace is provided with sufficient 
volume in which the fuel is burned completely, so that 
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Fig. 3—An intertube superheater in semi-vertical boiler may 

suffer from slag deposits or excessive gas temperatures, un- 

less care is exercised in operation. Location of burners 
not shown 
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only the resulting gases of combustion pass over the 
heat-absorbing surfaces. If the furnace is deficient in 
volume, this deficiency will be made up in the gas passes 
where the fuel will continue to burn, if sufficient air is 
present to support combustion. Assuming the furnace 
has sufficient volume, if the proper amount of air is not 
provided for complete combustion in the furnace, the 
unburned gases will pass through the boiler and burn at 
points where air leakage through the setting will furnish 
sufficient air for further combustion. Applying these 
two conditions to a superheater located as illustrated in 
Fig. 3, there will exist, in the first place, a condition al- 
most analogous to flame impingement and, in the second 
place, the superheater is being robbed of the gases it 
normally would get under proper furnace operation. In 
the first case, surface oxidation and erosion may be ex- 
pected, with the additional evil of a very high degree of 
superheat due to temperatures on the external surface 
being higher than anticipated; and in the second case, 
the superheat is likely to be low because of insufficient 
gas flow and low gas temperatures. 

Slagging is well known among boiler operators but its 
effect on general boiler performance frequently is over- 
looked. Slagging is the result of furnace operation 
which creates a furnace temperature so high that the 
ash becomes molten or plastic. The particles of ash 
in this state are carried up into the boiler tubes where 
they solidify and cling to the relatively cool tube surface. 
The accumulation progresses until a fairly thick layer is 
deposited on the leading surface of the tubes.. Slag has 
a very low coefficient of heat transfer, hence surfaces 
covered with it are very materially reduced in their effi- 
ciency as heat absorbers. 

The effect of slagging on superheaters will depend 
largely upon the type of boiler used and the location of 
the superheater. For example, in Fig. 1 the superheater 
is well protected by the boiler heating surface. There 
is little danger of slag accumulating on the superheater 
surface. Slag accumulations on the boiler heating sur- 
face, however, will cut down their heat pick-up enough 
to cause the superheater to be subjected to gas tempera- 
tures higher than anticipated, causing high superheat. 
On the other hand, a superheater located as in Fig. 3 
will suffer from slag deposits, causing low superheat, un- 
less care is exercised. Superheaters frequently are located, 
as indicated in Fig. 4, where again a reasonable amount 
of boiler surface is ahead of the superheater. Results 
similar to those from the arrangement in Fig. 1 can be 
expected from this type of installation. 

Boiler operators, therefore, should pay strict attention 
to the furnace temperature and adjust furnace conditions 
so as to keep the temperature of the gases entering the 
boiler heating surface below the fusion temperature of 
theash. Any amount of slag is a detriment and a serious 
menace to good operating results. 

Few operators realize that moisture content of the 
steam or ‘‘carry-Over’’ plays a most significant part in 
superheater operation. The fundamental purpose of a 
superheater is first to remove whatever moisture may be 
contained in the saturated steam, then to raise the tem- 
perature of the dry steam to a predetermined value. If 
the moisture content is excessive the superheater ac- 
tually is functioning as a boiler and the heat which other- 
wise would be used to raise the temperature of the steam 
is being utilized to evaporate water. This in itself is a 
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Fig. 4—Superheater entirely behind tube bank of semi- 
vertical boiler. The boiler tubes protect the superheater. 
Location of burners not shown 


serious condition, but the more important problem is the 
formation of deposits on the inner surface of the tubes 
due to this excessive moisture. Boiler feedwater, 
whether treated or not, contains certain proportions of 
chemicals which form a deposit as the water is evapo- 
rated. These same chemicals are contained in the mois- 
ture carried over into the superheater with the saturated 
steam. As the moisture is evaporated under the in- 
fluence of the rather high temperatures characteristic 
of superheating surface a deposit forms on the inner sur- 
face of the superheater unit and thus begins the forma- 


tion of scale. In time the scale formation will build up 
to a considerable thickness and restrict the flow of steam. 
Since the area of the tube cross-section is reduced, the 
steam velocity is increased because it varies inversely 
as the area of the free cross-section of the tube. Con- 
trary to general expectations the increase in velocity does 
not always clear the tube of scale because the deposit is 
sometimes too firm to be readily removed by steam flow. 
Furthermore, there is no increase in heat absorption as 
the result of the higher steam velocity, because the scale 
is a very poor conductor of heat. If heat cannot pene- 
trate easily to the steam the cooling effect is reduced or 
entirely eliminated. As a result, the tube will be burned 
at the point where the scale formation exists. 

Since superheaters cannot be inspected conveniently 
for scale formation, close attention should be given to 
the condition of the saturated steam. A sampling tube 
properly located in the connecting pipe between the boiler 
outlet and the superheater inlet will permit the use of a 
steam calorimeter to determine the percentage of mois- 
ture present in the steam. It has been established that 
not more than one per cent of moisture is a safe limit. 
If this figure is exceeded immediate steps should be taken 
to ascertain the cause. 

In conclusion, it is evident that the boiler operator has 
within his control factors which are of great importance 
to successful superheater operation and performance. 
As soon as he learns to appreciate the value of each of 
these factors, much better operation can be expected 
and less trouble will be experienced throughout the life 
of the superheater. A systematic and periodic inspec- 
tion of operating routine and conditions will pay in re- 
duced maintenance cost and greater reliability. 





Edward Smiley has been appointed Sales Manager of 
Cyrus Wm. Rice & Co., Inc., water chemists and engi- 
neers, with headquarters in Pittsburgh. The com- 
pany also announces that A. J. Forschner, formerly 
President of the Atlas Conveyor Company, has joined 
its organization in its Philadelphia office. 


Wesley R. Moore has been made manager in charge 
of the joint office of the Brown Instrument Company 
and Minneapolis-Honeywell Regulator Company which 
was recently established in the Marietta Street Build- 
ing, Atlanta, Ga. Associated with him will be Leon L. 
Kuempel, Charles A. Kitzinger and J. A. Crawley. 





CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 
COST MORE? Yes, but 


WHAT SERVICE LIFE! 4067 Park Ave. 








THE BAYER COMPANY cheap imitations may be of- 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


St. Louis, U. S. A. fered. 
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Result Stories 


that prove the value 











of Republic Meters 


IN A PACKING PLANT 


A small western meat packing plant operated two 
boilers which consumed on an average of one car 
of coal in seven days. Republic instruments were 
installed on the two boilers and the coal consump- 
tion was reduced to one car in nine days. A saving 
of 11 cars of coal per year—a return which paid 
for the instruments in 8 month’s time. 


IN A CREAMERY 


Three Republic meters were installed to measure 
the total steam consumed by the plant, the high 
pressure and low pressure steam to the butter- 
milk units. The saving in amount of steam con- 
sumed resulting fron the intelligent use of these 
meters amounted to $1,500.00 the first year. Cost 
of meters—$975.00 


IN A LAUNDRY 


The chief engineer of a Chicago laundry writes: 
‘**The Republic steam meter, COz meter and draft 
gage which we installed on our 200 H.P. boiler 
some two years ago have enabled us to reduce our 
fuel bill approximately 10%. This is a saving 
which, in my opinion, few laundries can afford to 
overlook.” 


IN A BREWERY 


A brewery was about to replace an old 150 H.P., 
hand fired boiler with a new stoker fired boiler of 
the same size. Before making the change, they 
installed a Republic meter on the old boiler and 
discovered that at peak load they were operating 
at over 200% of rating. Obviously a larger boiler 
was needed to handle the load efficiently and to 
take care of any future expansion. Here the 
installation of a Republic meter saved the costly 
mistake of installing too small a boiler. 


REPUBLIC FLOW METERS CO. 


2230 DIVERSEY PARKWAY, CHICAGO, ILL. 








IN A CEMENT PLANT 


A Republic flow meter was installed on each of 
four kilns to measure the amount of gas con- 
sumed. Guided by the information obtained from 
these meters they were able to reduce their gas 
consumption by 10%. Cost of meters—$1,200.00. 
Total saving—$36,000.00 per year. 


IN AN INK PLANT 


Here three boilers were being operated to carry 
the plant load. After installing Republic meters 
on each of the boilers they found that with slight 
changes in firing methods the load could be 
carried with only two boilers. This resulted in a 
saving of about 15 tons of coal per week or 780 
tons per year. 


SELLING STEAM 


A western warehouse was selling steam to one of 
its tenants at a flat rate of $75.00 per month. The 
tenant thought that they were being over-charged 
so a Republic meter was installed to measure the 
amount of steam actually used—the tenant to be 
billed accordingly. Now the tenant is paying 
around $250.00 per month. The meter cost $325.00 
and saved the warehouse company $175.00 per 
month, or $2,100.00 per year. 
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REPUBLIC 


——_— 
INSTRUMENTS 





If similar savings can be made in your 
plant, you should know about it. 


MAIL THIS COUPON TODAY 





. 
Gentlemen: I would like to receive, without obliga- 
tion, information on how Republic meters will 
enable us to reduce our fuel bill. 
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Extent of Corrosion of Iron in the 


Presence of and in the 
Absence of Oxygen 


By SALVATORE ALFANO, Chemist 
Deepwater Station 
Houston Lighting and Power Co., 


Houston, Texas 


S long as the principal material of engineering 
construction continues to be iron in its simpler 
forms, problems of corrosion and corrosion pre- 

vention will arise. In a modern station in which all the 
steam is condensed and returned to the boiler as pure 
condensate the question is an important one. Plant 
operators have minimized corrosion troubles by careful 
control of the oxygen content of the boiler water and 
close adherence to the proper pH of the feed. 

In general, corrosion troubles in boiler plants have 
been the result of corrosion being concentrated in small 
localized spots resulting in pits about the size of a penny 
or smaller. It is with these concentrated localized corro- 
sion spots or pits that the plant operator is mainly con- 
cerned. If the total amount of iron corroded from the 
pits were uniformly dissolved from all the wetted sur- 
face, the extent of corrosion would not ordinarily be 
noticeable. 

Many otherwise well-informed plant operators are not 
aware that a general corrosion or gradual distributed 
wasting away of metal often goes on in a boiler plant 
even under water conditions which give protection 
against the localized pitting or ordinary form of corrosion. 
This may also occur in feed lines, pumps and related 
equipment. Some engineers and chemists have ob- 
served the difficulty in distinguishing between ‘‘corro- 
sion’’ and ‘‘erosion,’’ and prefer to use the term “‘corro- 
sion-erosion,”’ particularly as applying to cases of rapid 
wasting-away of metal. 

Such gradual general wearing-away of metal has be- 
come noticeable in connection with high-output, base- 
load, high-pressure boilers, and in some cases, where the 
boilers operate continuously for several months with 
practically no blowing, small deposits of iron compounds 
are accumulated without evidence of localized corrosion. 
A discussion of the probable sources and extent of such 
accumulations may contribute to better understanding of 
corrosion problems generally. 

Corrosion may be defined as any dissolution of, or 
change of form of, a refined metal to a more stable condi- 
tion. ‘The most common occurrence of corrosion is that 
of iron to its oxide. 

It is hardly conceivable that the iron deposits found 
in a boiler are due alone to the metal removed by the 
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A review of the funda- 
mental chemical principles underlying 
corrosion. Due to the inherent solution 
pressure of iron it will dissolve until it 
reaches its saturation value, but with 
oxygen present it is precipitated and the 
corrosive action goes on. Methods of 
measurement are discussed, as is the 
effect of pH values and the problem is 
presented from the standpoint of the 
power plant operator. 


formation of pits. In fact, such deposits are more often 
noted where no localized corrosion is observed. 

Where the volumetric capacity of a boiler is large, the 
presence of some iron oxide deposits may not appear ob- 
jectionable and may not be noted. However, if the 
steam output is large and the volumetric capacity of the 
boiler relatively small (which is usually the case with 
1400-lb steam boilers), the accumulation of iron de- 
positsbecomesimportant. Especially is this true in high- 
pressure equipment required for the best efficiency of the 
plant. Although the iron deposits may be considered 
non-scale forming, they are dense and adhere strongly 
to the boiler tube surfaces. They have a metallic luster 
and may deceive the casual observer as to the condition 
of the tube surfaces. 

In the absence of any noticeable corrosion the iron 
deposits might be explained by any or all of the following 
reasons: 

1. Action of steam on hot iron above metal tem- 
peratures of 950 F is a possibility, especially with steam 
temperatures of 800 to 1000 F. 

2. Erosive or physical action of water, wet steam or a 
combination of water and steam on metal surfaces such as 
centrifugal pump impellers and other parts, trap dis- 
charge lines, particularly where the hot drips flash at the 
trap discharge, etc. 

3. General corrosion of boiler and feedwater equip- 
ment both in the presence and absence of oxygen. This 
may be termed electrolytic corrosion. 

Most operators are familiar with the wearing or 
wasting away of the metal in zones of restricted circula- 
tion. They are also acquainted with the wear of pump 
runners, impellers and diffusers. Where corrosion is 
highly localized and pitting ensues, electrolytic corrosion 
is easily recognized. Relatively few operating men ap- 
preciate the extent of corrosion where it is uniformly 
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distributed and its effects are not readily discernible. 
However, for stations in which the steam is all condensed 
and returned to the boilers and where the makeup is 
evaporated, there is a method by which the extent of such 
electrolytic corrosion can be measured. 

A statement of the fundamental chemical principles 
involved will be of interest and assistance in under- 
standing the phenomenon of corrosion and the methods of 
measurement suggested herein. If zinc is immersed in a 
solution containing dissolved iron, the zinc will go into 
solution and an equivalent amount of iron will deposit 
on the zinc. Likewise, if a strip of iron is immersed in a 
solution containing dissolved copper, iron will dissolve 
and an equivalent amount of copper will deposit on the 
iron strip. In a similar manner, as the zinc ions dis- 
placed the iron ions in solution and iron ions displaced 
copper ions in solution, iron displaces hydrogen from 
solution (as hydrogen ion) because hydrogen behaves in 
all respects like a metal. 

Iron does not dissolve readily in concentrated sulphuric 
acid, because the latter has few or no hydrogen ions; but 
if the acid is diluted with water the iron will dissolve 
readily in it, because in diluted form hydrogen ions are 
present. The tendency of the iron to go in solution is 
greatest when there are the greatest number of hydrogen 
ions in solution. However, if the dilution of the sul- 
phuric acid is carried too far the concentration of hydro- 
gen ions is not increased, but actually decreased, and the 
attack on the iron will be greatly diminished. Further, 
by diminishing the concentration of the hydrogen ions 
in a dilute sulphuric acid solution by neutralization with 
an alkali the dissolution of iron will be reduced. Con- 
tinuing the addition of alkali until the neutral point is 
passed and the alkaline side is reached, the amount of 
iron that can go in solution will be reduced in proportion 
to the amount of alkali added. But, whether the solu- 
tion is acid or alkaline, a certain amount of iron will go 
into solution until a definite relation between the dis- 
solved iron and the hydrogen ion in solution is reached. 
Then the iron will cease to dissolve. 

When a strip of iron is immersed in a copper solution 
some will dissolve and an equivalent amount of copper is 
deposited on the iron until the solution contains both 
copper ions and iron ions. The solution will never be 
void of copper ions. There will always remain a cer- 
tain amount of copper in solution even though the iron 
has the capacity to displace the copper. So it is in the 
case of iron with hydrogen ions. Not all the hydrogen 
is displaced by the iron before iron ceases to dissolve. 
There will be some hydrogen ions left. 

Water, although neutral, contains hydrogen ions 
(H+). It also has hydroxyl ions (OH~). The number 
of hydrogen ions (H*) depends on the number of hy- 
droxyl ions (OH~). In water the product of (H*) X 
(OH~) is a constant for constant temperature. This 
constant, which is the ionization constant of water, is at 
ordinary room temperature 1 X 10-*. Expressed 
mathematically: (H+) X (OH-) = 10 X 107%, 
where the ions in bracket are expressed in mols per liter. 
In an aqueous solution, regardless of the concentration of 
(H*), the (OH~) are fixed in accordance with this equa- 
tion. In water the concentration of (H*) is equal to the 
(OH~-); that is, (H+) = 10-7 mols per liter. If the 
hydrogen ion concentration is desired in terms of pH the 
negative of the exponent of 10 is taken. Thus, the 
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negative of the exponent of 10 is in this case —(—7) or 
+7. In neutral water the pH value is 7; yet there are 
enough hydrogen ions to be displaced by iron. 

The extent of dissolution of the iron depends on the 
hydrogen ion content of a liquid (acidity) and on the 
number of ferrous ions in solution. If the hydrogen ions 
(H*) in a liquid are those due to water or to an alkali, 
the product of the dissolution of the iron (corrosion) is 
ferrous hydroxide, Fe(OH):. If a strip of iron is im- 
mersed in neutral water, the iron will continue to dis- 
solve until the solution is saturated with ferrous hy- 
droxide, Fe(OH):. (J. W. Shipley & I. R. McHaffie, 
Ind. & Eng. Chem., 17, 381 (1925).) 

In order to make more clear how iron goes in solution 
as ferrous ion (Fe+*), the reader is referred to the con- 
cept of solution pressure first introduced by Nernst 
(Zeit. Phys. Chem., 4 (1889)). This concept is that all 
solids have a tendency to go into solution just as do 
table salt or sugar. If sugar be placed in a beaker and 
water added, its tendency to go into solution is greatest 
at the start. As the solution approaches saturation, 
the tendency of the sugar to dissolve becomes less. 
If the solution is supersaturated the tendency of the 
sugar to dissolve is negative and sugar will deposit out of 
solution. The tendency to go into solution is its solution 
pressure; the tendency to go out of solution is its os- 
motic pressure. At the beginning the osmotic pressure 
is zero but the solution pressure is very great. When 
saturation is reached the solution pressure is balanced by 
the osmotic pressure. If supersaturation is attained os- 
motic pressure exceeds solution pressure and sugar tends 
to go out of solution. 

Thus, when iron is in contact with water its solution 
pressure will drive into solution ferrous ions (Fe+*) until 
the osmotic pressure balances the solution pressure. 
When this condition is reached dissolution or corrosion 
will cease. At this stage there is sufficient ferrous 
hydroxide to produce a pH of 9.6. 

Normally in boiler feedwater, especially in the case of 
condensate at the condenser, the concentration of dis- 
solved iron is zero at the start of its cycle. The osmotic 
pressure is then zero and the solution pressure of the iron 
is unopposed. Hence, iron tends to go into solution. 
This is corrosion and will occur irrespective of whether 
there is any dissolved oxygen present. It can be limited, 
but not completely stopped, by increasing the pH (alka- 
linity) value of the feedwater. Corrosion will cease 
when the saturation point of ferrous hydroxide (Fe(OH)2) 
is reached, the saturation of which is dependent on the 
pH value of the water. Therefore, an amount of iron 
equal to that which is in solution in a saturated solution of 
ferrous hydroxide Fe(OH), cannot be prevented from 
dissolving into the water if the time of contact is suf- 
ficiently long. 

Since corrosion of iron depends both on pH value of the 
water and on the dissolved iron, it is interesting to 
note in what way these factors are interdependent. 
Consider first what is the pH value of a saturated solution 
of ferrous hydroxide Fe(OH)2. It was said that water 
ionizes to hydrogen ions (H*) and hydroxyl ions (OH~). 
Furthermore, in an aqueous solution the product of these 
ions, for constant temperature, is a constant. Like- 
wise, when a difficultly soluble salt, such as ferrous hy- 
droxide, Fe(OH)2, is dissolved in water, the Fe(OH). 
in solution ionizes into ferrous ions, Fe+*+, and hydroxyl 
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ions (OH-). Just as in the case of water where the 
product of the (H*) and (OH~) is a constant, so it is 
with Fe(OH)2. The product of (Fe+*) and 2 (OH7-) for 
Fe(OH): is called the solubility product. In chemistry 
the symbols in brackets with an electric charge signify 
ionic concentrations, which are expressed in mols per 
liter. One mol per liter is equivalent to the molecular 
weight in grams of the substance present in a liter of 
solution. Thus, the molecular weight of the hydroxyl 
ion is 17 and 17 grams of hydroxyl ion in one liter of 
solution corresponds to one mol per liter. 

According to E. Muller (Zeit. Electroch., 14.77 (1908)) 
the solubility product of Fe(OH), at 18 C is 1.64 X 
10-14, Expressed mathematically: (Fe++) X (OH~)? 
= 1.64 X 10-. In accordance with the following 
equation it is seen that one mole of Fe(OH) ionizes to 
one mol of Fe*+* and 2 mols (OH) 

Fe(OH). —> Fe + 20H- 
ferrous ion hydroxyl ion 


Solution 
If X = mols of Fe+* then 2X = mols (OH~) 


The solubility product for ferrous hydroxide becomes: 


(X) (2X)? = 1.64 xX 10-™ 
4X3 = 1.64 xX 107" 
Fe++ =X = 1.588 X 107-5 
(OH) = 2X = 3.18 X 1075 


Remembering that in water (H*+) X (OH~) = 10>", 
the (H*) in Fe(OH), can be calculated by substituting 
the value of 2X in the ionization constant for water; 
thus (H*) X (3.18 X 10-5) = 10-" from which (H*) = 

—14 
vise io-8 = 0.315 KX 10-° = 10-*5. And so the 
pH being the negative of the exponent of 10 is —(—9.5), 
or +9.5, which agrees closely with the 9.6 value of Shipley 
and McHaffiie (Jdid.). The concentration of the con- 
stituent ions in a saturated ferrous hydroxide solution 
are: 





Mols/liter ppm 
(Fet*) 1.59 X 1075 0.888 
(OH~) 3.18 X 10-5 (1074-5) 0.540 
Fe(OH). 1.59 X 1075 1.428 
(H*) 1 xX 1079-5 


Whitman (Jour. Am. Chem. Soc., 47, 70 (1925)) found 
that ferrous hydroxide is only 30 per cent ionized at its 
saturation value. The other 70 per cent remains un- 
ionized and does not affect pH or conductivity measure- 
ments. Hence, the total iron in solution is greater than 


the concentration of the ions measured by the pH value. 
a8 
The total iron, ionized and un-ionized is re ei 4.76 


m. 

PP The foregoing are the equilibrium concentrations when 
iron ceases to go into solution and the original water was 
neutral. 

Since the pH value of a saturated solution of Fe(OH)» 
is 9.5, does it necessarily follow that if the pH value of 
water is purposely raised to 9.5 by conditioning the 
water with alkali (NaOH), no iron will dissolve? The 
answer is ‘‘No.”’ Ironcan still go into solution but in re- 
duced proportions to the alkalinity in the water initially. 

Whitman (Jbid.) found that there is some iron possible 
of soiution regardless of the initial pH of the water. 
This solubility, however, drops with increasing initial 
pH. At pH of 11 solubility is nearly zero. This sug- 
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gests that the initial rate of corrosion (dissolution of 
iron) is not affected by the presence of an alkali until the 
pH is above 11. According to the data (Whitman, 
W. G.; Russel, R. P.; Davis, G. H. B.; Jour. Am. 
Chem. Soc., 47, 70 (1925)) only when the initial pH of 
the water is greater than 9.5 does the rate of corrosion 
(in the absence of oxygen) lessen. There is still a 
positive value for dissolution of the iron until the initial 
pH of the water is above 11.5. 

Thus, by conditioning water with NaOH to bring the 
pH value to 9.5 the amount of iron to go into solution is 
reduced but not entirely prevented. Hence, while it 
can be said iron in neutral water will corrode until the 
pH value of the solution is 9.5, it is not conversely true 
that raising the pH value of the water to 9.5 beforehand 
will entirely eliminate corrosion. It should be re- 
membered that the antecedent of the higher pH of the 
solution, which was formerly neutral, was the dissolution 
of the iron to ferrous hydroxide. Thus, in addition to 
alkalinity, the ferrous iron, Fe*+*, must be present in 
solution to prevent further dissolution where the pH of 
the water is initially less than 11.5. 

Summing up, one stage of corrosion is due, according 
to Nernst, to the inherent solution pressure of iron; 
thus, 

Fe + 2H* —_—_ Fett + H2 
metal + hydrogen ion ferrous ion + hydrogen gas 


Corrosion will not be stopped completely by merely 
increasing the pH value of the feedwater. It will cease 
only when a certain amount of iron has gone into solu- 
tion. Corrosion can be completely stopped by intro- 
ducing in the feedwater a neutral or alkaline solution of 
ferrous ions, Fe+*, by external means instead of allow- 
ing the solution to become saturated with respect to 
ferrous ions, Fe+*+, at the expense of the feed lines, 
equipment and boiler metal. 

This type of corrosion, in the absence of dissolved 
oxygen, continues as long as the iron surface is clean and 
free from scale. This continuous corrosion is of sufficient 
magnitude that it can be measured under suitable condi- 
tions by the conductivity method, which permits of 
quantitative analysis where amounts involved are of 
small magnitude. (Hecht & McKinney, ‘Electrical 
Conductance Measurements of Water and Steam,”’ 
A.S.M.E., June 1930). The conductivity method of deter- 
mining the extent of electrolytic corrosion is limited, 
however, to plants in which all the steam is condensed 
and returned to the boiler as pure condensate and where 
the makeup is evaporated. 

It is of interest to note the extent of this corrosion in 
modern high-pressure stations. Consider the flow cycle 
of Fig. 1. In order to determine the extent of elec- 
trolytic corrosion by the conductivity method, it is 
necessary to know the conductance of the steam and 
water at the points indicated on the diagram. 

With a Leeds & Northrup conductivity cell (cell con- 
stant 0.1) the specific resistance of steam out of the 
saturated header of the high-pressure boiler was found to 
be 2,100,000 ohms. The specific resistance of the con- 
densate (average of 3 condensers) was found to be 1,980,- 
000 ohms. The resistance of the makeup, which is 
evaporated, averaged 1,100,000 specific ohms. The 
boiler feedwater as it enters the high-pressure boilers 
had a specific resistance of 1,730,000 ohms. 
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Fig. 1—Steam and water flow diagram 


Since the conductivity of the steam is the least of all 
conductivity measured it may be assumed that the steam 
condensed at the extraction heaters is of the same purity 
as the condensate at the condensers. If the conductiv- 
ity of the steam at the boilers had been greater than 
that at the condenser, then it would be necessary to 
determine the amount of steam bled and its conductivity 
at each extraction heater in order to ascertain what 
part of the increase in the conductivity of the feedwater 
is due to solids carried over into the steam and redis- 
solved at the extraction heaters. 

Conductivities are additive in water when no dilution 
takes place. Hence, the resultant conductivity of the 
feedwater is the sum of the conductance of the indi- 
vidual ions in the water. If there is no dilution then the 
conductivity, being proportional to the dissolved solids 
in the feedwater, should remain constant since the ionic 
concentrations are constant. 

If the conductivity increases, then additional ions 
must enter the water. In this analysis, the increase in 
the conductance of the feedwater is assumed to be 
due to electrolytic solution of iron since no other sources 
of ions are assumed in contact with the feedwater. 


as: > denotes the conductance of the feedwater 
he the conductance of condensate 
Sa the conductance of makeup—2 per cent of the 
total 
Sen the conductance of the condensate plus 
makeup 
Sret*+ = the conductance ferrous ion 


It follows that: 





> = Scm + Sr.e+*+ where Scm = 0.98 S. + 0.02 Si», 
Ss = (0.51 X 10-* mhos 
Se = 0.91 X 10~* mhos 
Bom = 0.98 (0.51) KX 10-§ + 0.02 X 0.91 X 10-6 
= 0.50 X 10-§ + 0.018 X 1078 
Sis = 0.52 X 10-6 mhos 
RY = (0.52) 10-§ + Sp.t* = 0.58 (10-8) 
Whence: 
Srett = (0.58 — 0.52) 10~-* = (0.06) 10~* mhos. 
Also: 
If: § be the specific conductance 
ts be the concentration of the ions in equivalents 
per liter 
L be the equivalent conductance of the solution. 
By definition: 
1000S 1000S 
L >. Sore and C = L 


Equivalent conductance of iron as the ferrous hydrox- 
ide is 


= 45.3 + 174 = 219.3 


Lre 
1/, Lye** + Lon~ = ne 





Substituting the values of that part of the feedwater 
conductance due to electrolytic solution of iron in the 
above equation, we have: 


hae 1000(0.06) 10~-® 
2 219.3 
C = 0.274 X 10~* grams equivalent of Fe(OH), per liter. 


Since the equivalent gram molecular weight of Fe(OH). 
is half its molecular weight, the concentration in ppm = 
0.274 X = X 10-* = 0.0123 ppm. 

The conductivities at the various points mentioned 
were measured at the same temperature after several 
weeks without condenser leakage or appreciable priming 
of the evaporators. The specific conductivity of the 
evaporator makeup approximated 1,000,000 reciprocal 
ohms. 

The data presented were not taken with the thorough- 
ness required for a scientific research problem, but were 
obtained with somewhat more care than required for 
ordinary routine data. The assumption that the 0.0123 
ppm of the Fe(OH), is due to iron from the feedwater 
equipment may be erroneous. It would be possible that 
action of hot steam on hot metal could have generated a 
little FeO which could have been carried over with the 
steam and which would not be detected in the steam 
sample nor the condensate as there might have been 
insufficient length of time for the ferrous oxide to dis- 
solve. But, as carried by the feedwater to the boilers, 
there should have been sufficient time for the reaction. 


FeO + HOH —~» Fe(OH), to have been completed. 


Thus, with feedwater carrying 0.0123 ppm of Fe(OH). 
there accumulates 0.0123 X 12 or 0.1476 Ib of Fe(OH). 
per day when evaporating 12,000,000 Ib of steam per day 
from the high-pressure boilers. In a year a total of 53 
Ib, or 26.5 lb per boiler, could be accumulated. 

From a theoretical viewpoint, iron may be expected to 
continue to go into solution as long as the feedwater is 
not saturated with ferrous ion. Since in a condensing 
steam-generating station, water makes many cycles and 
at the start of the cycle (condenser hotwell) is very pure 
and void of any traces of iron, the solution pressure re- 
sults in some iron continuously dissolving, notwithstand- 
ing the absence of oxygen. This type of corrosion is 
difficult to check. Whitman (Jdid.) has shown that in 
the absence of oxygen the initial rate of dissolution of 
iron is independent of initial pH of the water as long as 
the pH is below 11.5. At an initial pH 9.5 Whitman still 
shows about 75 per cent as much iron will dissolve as 
when the initial pH was 7.0 (neutrality). With an 
initial pH of 10, in the absence of oxygen, the amount of 
iron dissolving is 50 per cent of what it could be when 
starting with neutral water. 

Thus, iron will continue to corrode as long as the 
water in contact with it is void of ferrous ions (Fe**). 
There is a belief that this type of corrosion can be mini- 
mized by raising the pH of the feedwater, say to 9.5, 
and this is sometimes attempted by blowing back from 
the boilers some alkaline water into the feed system. 
In order to render a water alkaline to the extent that its 
pH is raised to 9.5 from the neutral condition pH 7.0, 
about 1.5 ppm of NaOH must be maintained. To raise 
the pH to 10.0 would require approximately three times 
as much blowback. With the low concentrations usu- 
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ally maintained in high rating base-load high-pressure 
boilers, these values would require about 2 to 6 per cent 
blowback which might appreciably disturb the efficiency 
of the heat cycle. This is on the assumption that the 
actual concentration of NaOH is on the order of 60 to 80 
ppm. 

Further, the efficacy of sodium hydroxide from the 
boilers in retarding corrosion is partly vitiated since 
it is accompanied by three to four times its quantity of 
other salts such as Na,SOQ, and NaCl. Hence, NaOH 
of itself could only reduce the corrosion possibilities of 
the feed about 25 per cent and any good that it might do 
to reduce corrosion is counteracted by the adverse in- 
fluence of salts, as the sulphates and chlorides. 

Where makeup is supplied through evaporator plants 
and raw water is rich in carbonates, it is difficult to 
remove completely all traces of CO. which will have the 
adverse effect of lowering the pH of the boiler feed. 
Fortunately, this type of corrosion in the absence of 
oxygen is of small magnitude at ordinary water flows 
and the operator does not have to be concerned about the 
practical effects except at points of highly turbulent 
conditions where the corrosion products are removed as 
fast as they are formed and fresh surfaces presented for 
continued attack. The type of attack often called ero- 
sion may be a case of accelerated corrosion; or, at least a 
combination of erosion and corrosion. 

Inasmuch as raising the initial pH of the feed, even 
as high as 9.5 or 10.0, has only a limited effect as regards 
protection against corrosion, the main benefit of such 
control lies in the assuredness of preventing the water 
from ever falling on the acid side under which condi- 
tions the corrosion is tremendously accelerated. 

The corrosion of iron, in the absence of oxygen, has a 
definite limit and will soon stop when a definite amount 
of iron is dissolved, depending upon the initial pH of the 
water. But, in the presence of oxygen there is no limit 
to the extent of the corrosion of iron. It takes place 
after the corrosion in absence of oxygen has commenced. 
The first stage of corrosion of iron in pure water takes 
place in the absence of oxygen as already noted and stops 
when enough iron has dissolved to raise the pH of the 
water to 9.5. 

Fe + 2H* 
iron metal hydrogen ions 


—>Fett + H: 
ferrous ion hydrogen gas 
If conditions are not disturbed, no more iron dissolves. 

But, if either or both constituents to the right (Fe*+* 

or Hz) are removed, corrosion will continue. 

The second stage of corrosion is in the presence of 
oxygen. The function of oxygen in promoting corro- 
sion is to remove Hz, gas or ferrous ion in solution so that 
the first stage of corrosion will never come to a definite 
end. Oxygen can accelerate corrosion by removing 
hydrogen gas, thus: 

H, + O — > H,O, 


or, it can oxidize the more soluble iron to the very in- 
soluble condition as follows: 


O2 + 2HOH —> 4 (OH)- 


oxygen water hydroxyl 
4 Fe(OH), + (OH)~ —~» 4 Fe(OH); 
ferrous hydroxide rust 


ferric hydroxide 


A substance will react in the direction to form its most 
stable form. 
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Ferric hydroxide (ordinary rust) is extremely insoluble, 
while ferrous hydroxide is relatively soluble. In the 
presence of water but in the absence of oxygen, iron seeks 
its most stable condition which is the ferrous state, thus: 
Fe + 2 HOH —~»> Fe(OH), oa H: 


iron water ferrous hydroxide hydrogen 
relatively soluble 


In the presence of oxygen, the pure metal seeks a still 
more stable condition, namely, as the ferric hydroxide: 
2 Fe + 3 HOH 30 — > 2 Fe(OH); 


iron water oxygen ferric hydroxide 
very insoluble 


In the presence of water and oxygen, the pure iron 
seeks its most stable form or rust. 

A mere statement of the foregoing facts may not impress 
the non-chemist reader of the really destructive influence 
of oxygen in destroying iron in the presence of water; so 
let us translate the above idea into the language that is 
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more easily understood by the plant operator. Most 
plant operators are acquainted with the term, pH, and 
concentrations in parts per million. They know that pH 
is a measure of the alkalinity (or acidity) of water—the 
higher the pH, the more caustic the water and the 
lower the pH, the more the water is toward the acid side. 
Furthermore, operators know that it is desirable to have 
water in contact with iron on the alkaline side. The 
tendency of the iron to dissolve (corrode) is increased 
many times by water which is acid. It can be shown that 
oxygen actually makes the water touching the iron acid. 
The two forms of the corrosion product of iron are: 


1. Fe(OH). — > Fett + 2(OH)~ oxygen absent. 
ferrous hydroxide ferrous ion hydroxyl ion 


2. Fe(OH); —> Fett+* + 3 (OH)~- 
ferric hydroxide ferricion hydroxyl 


oxygen present. 


The pH values of water can be calculated when iron 
seeks its most stable form, both in the absence of oxygen 
and in the presence of oxygen. The stable condition for 
the corrosion product of iron in the absence of oxygen has 
already been calculated to be that condition where the 
pH is 9.5 and solubility of ferrous hydroxide to be 4.76 
ppm. Making similar calculations for the ferric hy- 
droxide: 


(Fe+*++) (OH-)* = 1.1 X 107% (Muller-Jbid.) 
If: 


X = number Fe**?* in solution 
3X = number of (OH-) 


and the equation becomes: 
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(x) (8X) = 1.1 X 107% 

97X6 = 1.1 X 10-% 
= 4.49 X 10-1 

3X = 13.47 X 10-1 


Now 3X represents the number of hydroxyl ions in 
solution. Remembering that in water the relation be- 
tween hydroxyl ions and hydrogen ions are fixed, the pH 
of the solution in contact with ferric hydroxide can be 
calculated from the ionization constant of water. 


In water (H) X (OH)~ = 1074 


Substituting the value of (OH) as found in the pre- 
ceding calculation in the above formula, we have: 


(H+) X (13.47 X 10-1) = 10-4 


10-44 


1547 10-1 = 0.0743 X 10-+ = 10-18 


(H*) = 
The pH being the logarithm of 4 becomes 5.13. 


Thus, the pH value of water in which iron and oxygen 
are present in a saturated solution of ferric hydroxide is 
5.13. Therefore, a saturated solution of ferrous hydrox- 
ide, Fe(OH)2, the pH value of which is 9.5, will in the 
presence of oxygen be converted to a pH of 5.13 which is 
on the acid side of neutrality. 

It will be seen that in the presence of oxygen, a condi- 
tion will obtain which tends to make the solution more 
acid (lower pH). This causes more iron to dissolve 
since there are more hydrogen ions to be displaced. 
Hence, not only does oxygen disturb the first stage of 
corrosion by converting the iron to the least soluble 
state and the hydrogen to water, but it increases the 
acidity of the water in the neighborhood of the iron, and 
accentuates the first stage of corrosion. Thus, two forces 
normally antagonistic toward each other are in play. 
On the one hand, iron dissolves in water to reach the 
stable condition where its pH will increase to 9.5. Cor- 
rosion would stop here. On the other hand, oxygen 
destroys the higher pH and seeks to establish a lower pH 
and renders the water acid, during which time nearly all 
the soluble iron in the ferrous state is precipitated as rust. 
Presented graphically the conditions are as shown as 
follows: 

Corrosion continues to destruction 
of iron by the constant precipitation 


of iron rust by the action of oxygen 


on the ferrous iron. Corrosion stops. 


pH <—pH—~ pH 

5.13 7 9.5 
<—— 
Fe(OH); masses | O, absent 





Fe(OH), 


Solubility about Fe 
0.0000479 ppm iron metal 


Solubility about 
4.7 ppm 


Ferric iron (rust) is 100,000 times less soluble than 
ferrous iron. The vicious corrosion cycle can be better 
visualized now. Due to the inherent solution pressure 
of iron which cannot be stopped, iron will dissolve in 
order to reach its saturation value. With oxygen present 
this iron is completely precipitated to leave almost none 
in solution. In doing this oxygen lowers the pH from 
9.5 to 5.13. This results in a water in contact with the 
iron which is acidic and which is void of ferrous ions. 
Such a condition accentuates the corrosion of iron. 
As long as there is available a supply of oxygen the corro- 
sion cycle will never cease. The rate of turnover, that is 
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from metal to ferrous to ferric, depends on the rate at 
which oxygen can diffuse to the metal and to the initial 
corrosion products. 

It can now be shown how the first stage of corrosion 
can be accelerated by the presence of dissolved oxygen in 


water. It was shown that at equilibrium when iron 
ceases to corrode the following conditions were set up: 


Fe(OH), system: pH = 9.5; Fe(OH): 4.76 ppm 
But with oxygen present the Fe(OH). system tries to reach a new 
equilibrium: 
Fe(OH); system: pH = 5.13; Fe++* 0.0000251 ppm 


But the ferric hydroxide system is so far removed from 
the ferrous system that iron will go into solution to satisfy 
the ferrous hydroxide system which is the antecedent 
of the ferric hydroxide system. These two systems can 
never be in equilibrium when iron is in contact with water 
in which there is unlimited oxygen present. 

This presents the conclusion that the arresting of 
oxygen corrosion is possible only by complete removal of 
oxygen or possibly by creating conditions whereby the 
ferrous system is in equilibrium with the ferric system. 
Is this possible? Can the two systems be in equilibrium 
under definite concentration of dissolved oxygen and 
definite pH? As will be proved subsequently the condi- 
tion is created when the dissolved oxygen concentration 
is infinitesimally small. 

Assume the condition of a boiler where the pH value of 
the water is 11. How much oxygen can be tolerated 
without causing corrosion? 

Consider the destruction of iron by oxygen to be elec- 
tro-chemical in nature. To evaluate the oxygen con- 
centration which will not cause corrosion, the oxygen 
concentration at equilibrium must be determined, when 
iron corrodes in presence of excess oxygen, which oxygen 
will not be augmented as the reaction proceeds to com- 
pletion. Consider the scheme shown in Fig. 2. An iron 
bomb is filled with pure oxygen, at a pressure of one 
atmosphere, and with NaOH solution the pH value of 
which is 11. A cell is thus created; one electrode is the 
iron of bomb, the other the invisible oxygen. The iron 
electrode has a potential different from the oxygen elec- 
trode and is of opposite sign. The difference of potential 
between the iron and oxygen electrode will cause the 
dissolution of iron to the ferric state and oxygen to the 
hydroxyl state. Dissolution of iron and disappearance of 
oxygen in the compartment will continue until the poten- 
tial difference between the iron-ferrous potential and the 
oxygen-hydroxyl potential is zero. When this is reached 
the oxygen will have been nearly all used up. All, 
however, cannot completely disappear. There will be a 
certain amount of oxygen in the compartment when 
the reaction has ceased, and of course a proportionate 
amount of oxygen dissolved. 

Now when the pH of the water is 11 the pOH = 3. 
The concentration of ferrous ion that can exist under 
this alkalinity is fixed in accordance with the solubility 
product principle. For ferrous hydroxide the solubility 
product is 


(Fe*+*+) X (OH)? = 1.64 X 107*4 
- 
since (OH-) = 10-8; Fe+* becomes rae 
= 1.64 X 10~* mols per liter, or 0.000000915 ppm of iron. 


—36 
1.1 X 10 = 1.1 X 107? mols 


The ferric ion that can exist is 6) 


per liter or 6.15 X 107? ppm. 
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Corrosion will cease before all the oxygen has been 
entirely consumed. Consider the iron-ferrous potential. 
It has been determined that when the concentration of 
Fett is one molar the iron-ferrous potential (referred to 
the normal hydrogen electrode which has been arbitrarily 
taken to equal zero) is —0.441 volts. (Getman, “Out- 
lines of Theoretical Chemistry,” p. 557). But since the 
concentration of Fet+*+ is less than 1 molar under this 
condition the tendency for the iron to go into solution is 
greater than if the solution contained one molar (Fe*+*). 
Therefore, the iron-ferrous potential will be greater than 
0.441 volts by the amount the iron in solution is removed 
from one molar. The additional voltage due to the iron 
being in a more dilute solution than one molar is that 
given by the Nernst equation: 


0.0001984T log 1 re 1 
NV 1.04 x 10-8 ~ 9.0296 log TES 


AE = 0.230 volts 


AE = 





Therefore, in an alkaline solution the pH of which is 11 
when the ferrous concentration is 0.000000915 ppm, the 
iron-ferrous potential (referred to normal hydrogen = 
0) is —0.441 — 0.20 = —0.670 volts, the potential being 
negative to normal hydrogen. 

Now consider the oxygen hydroxyl potential. At 
25 C when (OH) concentration is one molar the poten- 
tial (relative to normal hydrogen) is 0.3976 volts. (Get- 
men, Jbid.). But when the pH is 11 the (OH7-) is less 
than one molar. Consequently the oxygen hydroxyl 
potential is greater than if the solution were more 
alkaline. The amount by which the potential is in- 
creased is due to the difference of the hydroxide solution 
from being one molar. The additional voltage is calcu- 
lated by Nernst equation: 


at 25°C, A E = 0.0001984T log —1— = 0.5975 log a 


Gi a 
A E = 0.1786 volts 


The oxygen-hydroxyl potential when the pH is 11 is 
greater than 0.3976 volts by the amount of 0.1786 volts. 
Hence, the oxygen-hydroxyl electrode under the condi- 
tions cited is 0.3976 + 0.1786 or 0.5750 volts. 


The cell set-up is: 


Fe Fett | Os 
solid 1.64 X 1078 10- ’ | Pressure = 1 atmosphere 
— 0.670 volts +0.5750 volts 


The difference of potential which will cause the dis- 
solution of the iron (corrosion) is 0.5752 — (—0.670) = 
1.2452 volts. Corrosion will continue until the poten- 
tial difference between the iron and oxygen becomes zero. 
When this is reached there will be a certain equilibrium 
concentration of Fe+*+ and oxygen. Since pH has been 
assumed fixed and there is a constant supply of iron the 
only constituent that will diminish as corrosion progresses 
is oxygen. Therefore, the potential difference will be- 
come zero when the oxygen hydroxyl] potential will have 
changed by 1.2452 volts. At this stage the pressure of 
the oxygen above the solution will have been reduced. 
The partial pressure of oxygen above the solution when 
the oxygen has been nearly all consumed can be calcu- 
lated by the Nernst equation: 


A E = 0.001984 T log 36 where PO, is the partial pressure of 
2 


oxygen in the system at end of corrosion. 
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Therefore: E = 0.001984 T log aa becomes 


1.245 — 0.27 


0.01984 T log bo 


where 0.27 volts is hydrogen overvoltage. 


1 0.98 
10t 55, - Goep 7 1** 
PO; = 1016.6 
Hence: PO; = 107! atmospheres 
approximately. 


In other words, the corrosion of iron will take place 
until the partial pressure of the oxygen in the chamber 
has been reduced from 1 atmosphere to 10~!* atmosphere 
approximately. 

Assume for convenience that the solubility of oxygen in 
an alkaline solution is the same as in water. If 28.3 cc of 
oxygen dissolve in a liter of water under one atmosphere, 
the solubility of oxygen at 10~'* atmosphere is 28.3 X 
10-"* ce per liter. Expressed in decimals the allowable 
oxygen concentration in a boiler water whose pH value 
is 11 is 0.00000000000000283 cc per liter or more prac- 
tically zero. 

Summing up, these equilibrium concentrations are 
present when iron will not corrode in the presence of 
oxygen and a pH of 11. 


ppm 
Fet+ 0.000000915 
Fett 0. 0000000006000000000000000615 
O, 0.00000000000000283 cc per liter 


From the foregoing, it appears that a certain amount 
of corrosion is inevitable. This is the first stage of 
corrosion due to the inherent solution pressure of iron 
which cannot be eliminated practically in an operating 
plant. In a system where the condensate is very pure 
the extent of this corrosion is of the order of 0.012 ppm 
and not particularly troublesome except as previously 
mentioned. 

If oxygen is present, even in unmeasurable minute 
quantities, the extent of corrosion is unlimited as long as 
oxygen continues available. Complete prevention of 
corrosion of iron is very difficult since the slightest trace 
of oxygen can do much harm. Since the complete re- 
moval of oxygen is necessary, the accuracy of deter- 
mination and tests becomes increasingly important. 

Recently improved methods of determining oxygen 
content have been reported by Messrs. Schwartz and 
Gurney (‘‘The Determination of Traces of Dissolved 
Oxygen by the Winkler Method,” A.S.T.M, 34, Par. 
II, 1934), which allows detections of lower concentrations 
than were previously deemed possible. 

The conclusions reached in the author’s previous paper 
(‘Factors Limiting Sensitivity and Accuracy of Test for 
Dissolved Oxygen,’’ ComBusTION, March 1934) should 
again be emphasized. These conclusions were that: 

sodeweoversy it is believed that operators and chemists 
will come to the conclusion that the elimination of oxygen 
is the major factor in the treatment of feedwater for the 
prevention of corrosion as long as the pH value of the 
water is above 7.0. The higher pH values have value 
but should not be unduly emphasized at the expense of 
elimination of oxygen from the feed.” 
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Hot rolled seamless steel tubes with smooth outside and inside surfaces — either straight or bent. 


Buy Globe “FOREN PROCESS” Seamless Boiler Tubes — They COST NO MORE than ordinary tubes 
For detailed information write: | 


GLOBE STEEL TUBES CO., Mills and General Offices: MILWAUKEE, WIS. 





“FOREN PROCESS’ 


EXCLUSIVELY.MANUFACTURED BY GLOBE STEEL -TUBES CoO. 


Rolled on a long pol- 
ished bar mandrel pro- 
ducing a smooth inside 
surface—eliminates scor- 
ing. Also a continuous 
rolling mill process at 
proper temperatures 
thereby refining the 
steel during the opera- 
tion. 


“FOREN PROCESS” 
Tubes have many out- 
standing advantages 
over ordinary seamless 
steel boiler tubes. 
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ARMSTRONGS 


HEN temperatures in steam heated dry- 
ing towers or bake ovens wander all 
over the chart—or some other steam heating 


tially filled with water or air. 
location will cause unequal steam pressure drops. 


coils with the greater pressure drop 


“What size and types do I need?"’ you wonder. 
the 28 page Armstrong Steam Trap Book. 
data on the application of steam traps. 


ably help you with a practical suggestion or two. 
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process has you up in the air—keep calm—try Armstrong Traps. | 


The right amount of radiation and the correct steam pressure | 
will not give proper temperatures if some of the coils are par- | 
Differences in coil size or 


coils with little pressure drop will hold back water and air in 
When you put the right size and type of Armstrong Traps in the 
right places, your condensate drainage troubles will be over. 

Get a copy of 


It's full of practical 


Or better yet—ask the nearest Armstrong representative to call. 
He has solved a lot of tough drainage problems and can prob- 


ARMSTRONG MACHINE| 


Three Rivers, Mich. 
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WATER GAGES THAT WON'T 
BREAK AT ANY PRESSURE 


A' 
dreds of them, are giving clear, trou 
service. 


time out of service—and many of these 
gages have been on duty for several years. 


.L the way up to 1800 pounds ing tosh 


Micasights, with safe mica instead of glass, 
feo are the positive answer to your water gage 
| : troubles. 
perature. 
visible, even at a distance. 
Reliance 
magnifier and hood, 
there’s never an instant’s 
doubt as to where the 
water level is. 

Get rid of broken gage glasses 
by installing Micasights, either 
complete gages or special units 
which replace the glass. 
for the facts. 


The Reliance Gauge 
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Selection and Design of Equip- 


ment for Burning Illinois Coal 


By HENRY KREISINGER 


Combustion Engineering Company, Inc. 


LLINOIS coal is hard. It is generally harder than 
the impurities that it contains. For this reason 
lump coal usually has a lower ash content than 

slack. The coal is of laminar structure consisting of 
thin layers of shiny black material alternating with a dull 
brownish substance. It breaks along the layers and at 
right angles to the layers. This tendency of fracture 
gives the lumps somewhat cubical shapes. Owing to 
its hardness the coal stands handling without excessive 
breakage. 

Compared to eastern coals Illinois coal runs high in 
sulphur and ash, and the latter fuses at relatively low 
temperatures. The coal is free burning, that is, it does 
not soften and fuse into large masses of semi-coke, but the 
individual pieces keep their shape and remain separate 
until completely burned. When heated a large part of 
the combustible is driven off as gas, and if improperly 
burned dense black smoke is produced. In storage the 
coal is inclined to spontaneous combustion; hence, does 
not store well. 

Of the different types of mechanical stokers now on the 
market the traveling grate (or chain grate) stoker is the 
best suited for burning Illinois coal. The natural hard- 
ness of the coal keeps it comparatively free from excessive 
fines, which makes the resistance of the fuel bed to the 
flow of air nearly uniform over the entire grate. This 
nearly uniform resistance results in a uniform flow of 
air over the entire grate and freedom from burned-out 
holes in the fuel bed. It also prevents to a large extent 
short and long fires existing at the same time at the rear 
of the stoker. 

Owing to the free burning property, the individual 
pieces of coal burn separately without fusing together 
into large masses of semi-coke, the air is nearly uniformly 
distributed over the grate and the coal burns evenly 
over the full width of the grate. This is the principal 
requisite of a good traveling grate stoker coal. The op- 
posite of free burning coal is caking coal. Such coals 
when burned on a traveling grate become pasty and fuse 
into large slabs of semi-coke. These slabs crack in a 
few places and the air supplied through the grate flows 
only through the cracks, with the result that these slabs 
of semi-coke do not burn completely by the time they 
reach the end of the grate, and a large percentage of the 
combustible matter is wasted with the ashes. 

The comparatively high ash content of the Illinois 
coal is another requisite of a good traveling grate stoker 
fuel. The burned-out ash on the rear part of the stoker 
forms a substantial covering over the grate and protects 


* From a paper presented at the Third Annual Mineral Industries Confer- 
ence at the University of Illinois, May 17 and 18, 1935 
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The physical properties of Illinois coal 
are reviewed and the types of fuel burning 
equipment and furnace arrangements best 
suited to meeting these conditions are dis- 
cussed. Typical furnace designs for both 
traveling grate stokers and pulverized coal 
are included. 


it against the reflected heat from the arch. Because of 
the fact that during the passage of the coal through the 
furnace the fuel bed is not agitated, the ash is not lifted 
into the hot fire and fused into hard clinker. Any 
clinker that is formed is soft and spongy and is not detri- 
mental to the operation of the stoker. 

When coking coals are burned on a grate the fuel bed 
must be agitated to break up the large masses of semi- 
enke. Such agitation lifts the ash into the burning fuel 
and when the ash has a low melting temperature it is 
fused into sticky clinkers. Eastern coals are caking 
coals and they are generally burned on multiple-retort 
underfeed stokers which are designed for agitation of the 
fuel bed to break up the large masses of semi-coke. 
However, they have ash with comparatively high melt- 
ing temperature. 

The gases rising from the fuel bed on the front part of 
the chain grate stoker contain a high percentage of com- 
bustible which must be mixed with air and burned before 
it leaves the furnace, otherwise smoke is produced. 
Hence, the furnace above the grate must be designed so as 
to facilitate this mixing and promote combustion. The 
rear arch furnace design shown in Fig. 1 gives very good 
results in this respect. It directs the air flowing into 
the furnace around the rear end and through the rear 
part of the stoker into the stream of combustible gas ris- 
ing from the front part of the stoker. The two streams 
are mixed while passing through the comparatively 
narrow throat between the nose of the arch and the 
front wall, and the combustible burns in the combustion 
space between the throat and the boiler. 

Fig. 2 shows what is likely to happen in a badly de- 
signed furnace represented in outline in the lower part 
of the sketch. The upper part contains two charts; that 
on the left gives the composition of gases rising from the 
fuel bed, while that on the right gives the gas composition 
at the section where the furnace gases enter the boiler. 
The composition of the gases rising from the fuel bed were 
obtained by collecting samples 2 in. above the top of the 
fuel bed at various points indicated by the small circles. 
These samples were analyzed and the results plotted on 
the chart directly above. The composition of furnace 
gases entering the boiler was obtained by collecting gas 
samples above the first row of boiler tubes at the points 
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Fig. l1—Typical traveling grate stoker installation with rear 
arch furnace design well suited to burning Illinois coal 


indicated by the small circles. The bottom chart gives 
the pressures in the various air compartments under the 
grate. The gases at points 1 to 5, inclusive, contain 
large percentages of combustible and very little or no 
oxygen to burn this combustible. The gases at points 
6 to 7a, inclusive, contain no combustible but very large 
percentages of free oxygen. Because the furnace was 
poorly designed the combustible gas was not mixed with 
the free oxygen, and the two streams flowed separately 
into the boiler. As indicated by the analysis of gases in 
the first pass the two points on the left of the second 
chart show very high carbon dioxide content and prac- 
tically no free oxygen, whereas the two points near the 
rear wall show very low percentages of carbon dioxide 
and very high percentages of oxygen. The furnace 
smoked badly even at moderate ratings and the smoke 
inspector threatened to shut down the plant. 

Fig. 3 shows the same furnace as that in Fig. 2, modi- 
fied to eliminate the smoke. The modification consists 
of a provisional rear arch placed close over the grate. 
This arch directed the air passing around the end and 
through the rear part of the grate into the stream of com- 
bustible gas. The two streams were fairly well mixed 
by passing between the throat formed by the rear and 
the front arch. Most of the combustible gas burned 
before it entered the boiler. The composition of the 
gases in the first pass was nearly uniform across the whole 
pass, as is indicated by the two curves in the chart above 
the rear part of the furnace. 

With a uniform bed of burning fuel no free oxygen 
passes through the fuel bed, and all the oxygen com- 
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bines with carbon either as carbon monoxide or carbon 
dioxide. Free oxygen must be admitted over the fuel 
bed and mixed with the gases in order that the combus- 
tible may be burned. With a traveling grate stoker such 
free oxygen enters the furnace around the end and 
through the rear part of the stoker. The furnace must 
be designed to produce mixing of the two streams of 
gases, and combustible space must be provided so that 
combustion may take place. It may be suggested that 
the combustible rising from the fuel bed is mostly volatile 
matter and that if the fuel did not contain this volatile 
matter the oxygen might possibly work its way through 
the fuel bed uncombined. 

Fig. 4 shows that the gases rising from a bed of burn- 
ing fuel contain a large percentage of combustible even 
though the fuel is coke and the bed only 6 in. thick. 
This represents the results of a study of combustion in the 
fuel bed of burning coke, as made at the U. S. Bureau of 
Mines nearly twenty years ago. The figure is a combi- 
nation of five charts giving the composition of gases at 
five different rates of combustion. The top chart repre- 
sents the rate of combustion of 20 Ib of coke per square 
foot of grate per hour, the next chart below represents 
rate of combustion of 38 lb, the third chart 51 Ib, the 
fourth chart 71 Ib and the bottom chart 106 lb. On the 
left the ordinates give the percentages of each constituent 
of the gases, and those on the right give the temperature 
in the fuel bed. The abscissa represent the height above 
the grate in inches. The fuel bed was 6 in. thick and 
samples of gas were collected 1'/2 in., 3 in. and 4'/2 in. 
above the grate in the fuel bed, also at the surface of the 
fuel bed and 1'/, in. from the top. It is interesting to 
note that in every case there was no free oxygen at the 
top of the fuel bed; in fact most of the free oxygen dis- 
appeared 4'/2 in. above the grate. The rate of combus- 
tion was obtained by forcing more air through the fuel 


THICKNESS OF FUEL BED: 6 in. 
SPERD OF ORATS: 41.5 ft/hr. 
DRAPT IB FUNMACE: 0.25 

DRAFT 16 UPTAKE: 2.34 

LOAD BY FLOW METER, 72,000 1b/hr. 





PoRcerr 


EXCESS AIR - 





Pressure in supply 
duct ebove damper; 
1.0 in. 


PRESSURE UNDER GATE 


Fig. 2—Composition of gases rising from the fuel bed of a 
traveling grate stoker and the results of the lack of mixing 
in a poorly designed furnace 
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THICKNESS OF FUEL BED: 6# in. 
SPEED OF GRATE: 50 ft/hr. 

DRAFT IN FURNACE; 0.10 

DRAFT 16 UPTAKE: 1.30 
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Fig. 3—Provisional rear arch to produce mixing of air with 
combustible gases in a poorly designed furnace 


bed. For example, in test 42 when burning 106 Ib per 
sq ft per hr the weight of air supplied through the fuel 
bed was 5!/, times that supplied in test 48 having a rate 
of combustion of only 20 lb. This means that the oxygen 
will combine with the carbon as fast as it is supplied, and 
the composition of gases in the fuel bed and above it re- 
mains practically the same for all rates of air supply and 
rates of combustion. It will be noted that the combus- 
tible at the top of the fuel bed is about 16 per cent with 
all rates of combustion. 

Fig. 5 shows a traveling grate stoker installation under 
a bent-tube boiler. This furnace is characterized by a 
rear arch, narrow throat and large combustion space 
above the throat for burning combustible gases. The 
furnace was designed for burning high volatile Kansas 
coal. Both arches of the furnace are water cooled, as are 
also the side walls above the throat. Besides this water 
cooling there is a water-cooled tube on each side of the 
furnace just above the grate. These tubes in the side 
walis prevent the ash from sticking and dragging the fuel 
bed along the walls. For Illinois coal the water-cooled 
furnace is very desirable and greatly reduces mainte- 
nance. The installations shown in Figs. 1 and 5 are well 
adapted for burning Illinois coal without smoke. 

The traveling grate type of stoker is used for units 
varying in size corresponding to evaporations of 10,000 
to 100,000 Ib of steam per hour, with this kind of coal. 
For smaller boilers the type E stoker or the so-called 
spreading stoker are used with satisfactory results. For 
units larger than 100,000 Ib of steam per hour the travel- 
ing type of stoker becomes too large and costly. Large 
stokers must be built very heavy to prevent distortion 
by the driving mechanism or deformation by heat and the 
stalling of the stoker. The difficulty of keeping a uni- 
form length of fire increases with the width of the stoker; 
the wider the stoker the greater the chance of having 
long and short fires at the same time. 

This does not mean that all installations with steaming 
capacities of 10,000 to 100,000 lb per hr are to employ 
traveling grate stokers and that above 100,000 Ib pulver- 
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ized coal is to be used exclusively. There are many 
pulverized coal installations with a steam output in the 
above range. Such installations are put in because of 
special local advantages, personal likings or some peculiar 
load conditions favoring pulverized coal. It means, how- 
ever, that in this range the stoker partisan has a real 
argument in his favor. 

With large steam generating units it is difficult to get 
in enough grate area to give the required high steam out- 
put. The capacity of the steam generating unit increases 
as the cube of the linear dimension, whereas the grate 
area increases only as the square. The pulverized coal 
furnace, however, increases also as the cube of the linear 
dimensions. 

Illinois coal is well suited to firing in pulverized form. 
The high volatile content makes it ignite quickly and a 
stable fire is maintained even at very low rates of work- 
ing. Its natural hardness is somewhat against it because 
this reduces the output of the pulverizer, and increases 
the power consumption per ton of coal pulverized. 
Maintenance is also somewhat higher than with the 
soft eastern coals. However, with proper selection of 
the mills, this disadvantage due to its hardness is negli- 
gible. The high percentage of ash and its low fusion 
temperature are also somewhat detrimental. The higher 
ash content increases the cost of pulverization and is apt 
to cause greater dust nuisance resulting from the large 
quantity of ash being discharged with the gases from the 
stack. The low fusion temperature is an advantage 
with slag-tap furnaces. It is also a disadvantage because 


GASES IN FUEL BED, PER CENT BY VOLUME 
TEMPERATURE IN FUEL BED, °C 





DISTANCE FROM GRATE, INCHES 


Fig. 4—Composition of gases in a bed of Soiee coke: fuel 
bed, 6 in. thick and rates of combustion 20, 38, 51, 71 and 
106 lb of coke per hour per square foot of grate 
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Fig. 5—Traveling type of stoker under a bent-tube boiler. 
Arches and side walls are water cooled. There is also water 
cooling on the side walls at the level of the stoker 


molten ash is carried into the boiler and may be deposited 
on the boiler tubes thus clogging the gas passages and 
necessitating a forced shut down. This is particularly 
true of slag-tap furnaces. However, with a proper design 
of the steam generating unit, including the boiler, the 
furnace and the ash disposal system, these drawbacks 
due to high ash contents and low fusion temperature 
can be nullified. 

With pulverized coal firing the entire process of com- 
bustion takes place in the furnace. With stoker firing 
approximately half of the combustion takes place in the 
fuel bed and the other half in the combustion space. 
This means that the combustion space of the pulverized 
coal furnace must be at least double that of a stoker- 
fired furnace. The usual rate of combustion of Illinois 
coal when burned in pulverized form is one to two pounds 
per cubic foot of furnace volume per hour. In a few 
installations the rate of combustion reaches 2'/2 Ib and 
in still fewer installations to 3 lb. These high rates of 
combustion are usually of short duration. The rate of 
combustion is largely determined by the design of the 
furnace and the selection of material used in its construc- 
tion. If the furnace is lined with refractories the rate 
of combustion is always under 1'/, lb per cu ft per hr, 
corresponding to a heat release of 14,000 to 16,000 
Btu per cu ft per hr. If in these furnaces higher heat 
release rates are used the refractory lining is rapidly 
wasted away by the molten particles of ash that are 
sprayed on it by the pulverized coal flame. Such wasting 
away of refractory lining results in frequent shutdown 
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of the unit and high maintenance. Therefore, refractory 
lined furnaces should be designed with ample combus- 
tion space. The burners should be so designed and 
located as not to cause flame impingement against the 
refractory-lined furnace walls. The water-cooled fur- 
nace should be used wherever it can be economically 
justified. It permits higher rates of heat liberation and 
greatly lowers the furnace maintenance, besides permit- 
ting the unit to be in service for long periods. 

In water-cooled furnaces the tubes may be either bare 
or covered with refractory or cast-iron blocks. The bare 
tube walls are cheaper, have lower maintenance and the 
combustion of coal in the bare tube furnace can be made 
just as good as in a furnace with refractory or metal 
block covered water walls. Asa matter of fact, the bare 
tube furnace wall does not stay bare, it becomes covered 
with ash or slag. A large part of such accumulation of 
ash and slag drops off when the furnace is cooled. The 
covering on the refractory or metal covered water walls 
wastes away and requires replacement. Such replace- 
ment is costly and in many cases the cost of covering and 
its maintenance is not justified. 

Fig. 6 shows a steam generating unit with water-cooled 
furnace walls on three sides. The fourth wall is of 
refractory because it contains the burners as it is 
easier to fit the burners into a refractory wall than into 
a water-cooled wall. The flames move away from the 
burner wall and therefore do not impinge on it. There 
are six of these burners placed in two rows and three in 
each row. The long flame travel from the burners to 
the tubes of the boiler results in complete combustion 
and greatly reduces the chances of ash being deposited 
on the boiler tubes, and clogging the gas passages. The 
ash on its long path through the water-cooled furnace is 





a 
T 


| 





rEwew 
} | 4 


i OMPL{ 0 a 


LL 




































































Fig. 6—Pulverized coal fired water-cooled furnace. Water 

cooling is on three sides; the burner wall is made of re- 

fractory because of simplified mechanical construction. 

Burners are located under the lower drum of the boiler giv- 
ing the furnace a long flame travel 
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cooled below its sticky temperature and does not adhere 
to the boiler tubes. Any ash that may be deposited 
among the tubes of the first bank is easily dislodged with 
a hand lance inserted through peepholes in the top part 
0 of the rear wall. The ash dropping to the bottom of the 
furnace passes through a water-cooled screen over the 
bottom of the furnace, is cooled down below its sticky 
temperature, and removed from the ash hopper in a 
granular form. This unit has a maximum capacity 
of 300,000 Ib of steam per hour and is installed in an 

A industrial plant. It is well suited to Illinois coal. 
= Fig. 7 is another steam generating unit well adapted 
for Illinois coal. The furnace is completely water cooled 
including the burner wall. The boiler is of the sectional- 
header type with an interdeck superheater. The unit 
is fired with eight horizontal burners placed in two rows 
one above the other. Coal is supplied from a pulverized 
coal storage bin located in an adjacent building. The 
burners are of such design that either pulverized coal 
or fuel oil can be burned. The change over from one 
fuel to the other can be made one burner at a time with- 
; G *k out changes in the load on the boiler. The unit was de- 
— . signed for generating 550,000 Ib of steam per hour at 

) 750 Ib pressure, and is installed in a central station. 
Illinois coal is hard and has a high ash content. These 
properties make it somewhat hard to pulverize. The 
capacity of all types of pulverizing mills will be lower and 
the maintenance higher with Illinois coal than with most 
of the eastern coals. The maintenance is always higher 
Fig. 7—Completely water-cooled furnace for burning pul- with high speed hammer type mill than with low speed 
verized coal or fuel oil. Ash from coal is removedingranu- roller or balltype mill. Generally speaking the low speed 

lar form through sluice mills should be given preference for Illinois coal. 
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GAGE GLASS 1 4 
Boi Specify PACKING NUTS \ 
GASKETS ROUND GLASSESFOR 1000 LBS. 


oi fisrre=| ERNST “SPLIT-<GLAND” 


ERNST “Clear Vision” J arn JUSTABLE WATER GAGES, VERTICAL or INCLINED 
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Safety at All Pressures COLUMNS & TRY COCKS FOR PRESSURES UP TO 2000 Bs. | | 


Write for Catalog C ERNST WATER COLUMN & & GAGE COo., Newark, N.J. Offices in in Principal Cities 














POSITIVE, POWERFUL, HAIRTRIGGER ACTION 


The Floatless HI-LO Alarm Water Column 
using Balanced Solid Weights. 





YARNALL-WARING CO. 


PHILADELPHIA, PA 
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STEAM ENGINEERING 






ABROAD 


As reported in the foreign technical press 


Power Plant of the Normandie 


The world’s largest ship, the new 79,000-ton French 
liner ‘“‘Normandie’”’ has just made her maiden trip 
across the Atlantic in the record time of four days eleven 
hours. Aside from her size, the Normandie has the 
distinction of being the first turbine-electric propelled 
passenger ship in the trans-Atlantic service, although 
several American built passenger vessels in inter-coastal 
service and several U. S. battleships are so equipped. 

Designed for a speed of 30 knots, the Normandie 
has four main turbine-generators of 33,400 kw each and 
six auxiliary sets aggregating 13,200 kw, making a total 
of 146,800 kw as the capacity of the power plant. Each 
of the four propellers is driven by a 40,000-hp motor. 
This power is less than that of the Cunard liner ‘“‘Queen 
Mary” which has four 50,000-kw geared turbines for the 
main drive and approximately the same speed. The 
difference in power requirements, according to the Engi- 
neering and Boiler House Review for May, is due largely 
to the stream-lining of the hull and super-structure of 
the French ship. 

Steam is furnished by twenty-nine oil-fired main 
boilers of the three-drum V type operating at 400 1b 
pressure and 680 F temperature and four auxiliary boilers 
designed for 142 Ib per sq in. The auxiliary boilers 
furnish steam for various services and also provide make- 
up feedwater for the main boilers. 


Large Velox Generators 


At the Oslo Power Station, which is a steam reserve for 
a hydro system, there are being installed two 165,000 Ib 
per hr oil-fired Velox steam generators designed to 
operate at 385 lb per sq in. and 800 F. These will 
supply steam to a 30,000-kw turbine-generator. Space 
limitations in an existing building and ability to start up 
from cold in a few minutes were deciding factors in 
selecting this type of boiler—The Steam Engineer, May 
1935. 


Single-Drum Boiler with U-Tubes 


The Power Engineer (London) for May 1935 describes 
a new design of water-tube boiler invented by W. Y. 
Lewis, an installation of which has recently been made at 
the Northampton Polytechnic Institute. 

Referring to the sectional elevation it will be seen that 
the design follows in general arrangement that of the well- 
known Yarrow straight-tube type, but that the bottom 
drums are omitted and tubes are in the form of a U. 
That is, the lower ends of each pair of tubes are welded 
together, as in a superheater. Extending down in these 
tubes are smaller tubes. The circulation is downward 
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through these inner tubes and a longitudinal partition in 
the bend provides for upward circulation in the opposite 
tube. 

Proper circulation is further insured by the system of 
baffling within the boiler drums. The U-tubes discharge 





{ 


Cross-section through the Lewis single-drum, U-tube boiler 


their steam into a space formed between the drum and a 
semi-cylindrical baffle, whereas the inner pipes pass 
through this baffle and draw their supply from a region 
of steam-free water. 

The principal advantages claimed for this design are 
savings in weight and cost. 


Continental Turbines 


An interesting turbine unit is described in the January- 
February issue of The Brown Boveri Review. It is a 
combination of a high-pressure turbine and an extrac- 
tion back-pressure turbine, arranged in tandem on the 
same shaft, with the latter used to heat the feedwater for 
both the high-pressure and the low-pressure boiler plants. 
The station in which it is installed has new 1335-lb boil- 
ers as well as old boilers generating steam at 270-lb gage. 
The high-pressure turbine takes 280,000 Ib of steam per 
hour from the new boilers and exhausts at about 270 Ib 
to the old low-pressure steam lines of the station, . The 
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extraction turbine takes 40,000 lb. of steam per hour at 
270 Ib and exhausts at 40-lb gage with extraction at 125 
Ib. Feedwater heating is carried out with steam at 40 
and 125 lb for the old plant and 40, 125 and 270 Ib for the 
high-pressure boilers. 

Commenting upon continental turbine practice, the 
same article states that in view of present reduced coal 
prices and limited capital available for new plant equip- 
ment there is a demand for cheaper machines despite 
somewhat lower efficiency. This has led to a more 
general demand for single-cylinder turbines especially for 
moderate steam pressures up to 350 lb gage and where 
base load operation is not involved. For pressures of 650 
Ib and higher the multi-cylinder machine must be used. 


Operating with Steam-Benzol Mixture 


There has been in operation for some time at the mills 
of H. W. Lange & Co., Altona, Germany, a most unusual 
power plant in which superheated steam from the pri- 
mary boiler is passed through coils in a secondary boiler 
containing a mixture of water and benzol. This mixture 
when evaporated is used in both a small reciprocating 
engine and a 750-kw turbine, both operating condensing. 
Results of tests conducted last fall are reported in the 
May 1935 issue of The Steam Engineer and show a net 
saving of 24.16 per cent in the heat consumption of the 
turbine at 200 kw output when running on the mixture 
of steam and benzol instead of superheated steam alone. 
If the turbine had been operated with the same volume of 
mixed vapor as of steam, the output would have been 
470 kw and the saving in heat 37 per cent. 

With the reciprocating engine a gain in thermal 
efficiency of 42 per cent was shown when using the mix- 
ture, although the Carnot efficiency was only 14.45 per 
cent compared with 15.41 for superheated steam alone. 
A full report of the turbine tests will appear in the June 
issue of The Steam Engineer. 


Steam Condition Indicator 


Some processes require a uniform temperature such as 
can be maintained with saturated steam at a given pres- 
sure. If the steam supply is taken from a superheated 
steam source and desuperheated, surveillance of the 
temperature becomes necessary. In order to enable the 
attendant to recognize at a glance whether the vessel 
contains saturated or superheated steam a combined 
pressure and temperature gage has been devised in 
Germany by the firm of Shaeffer & Budenberg and is 
described in the May issue of Engineering Progress (a 
V.D.I. publication). 

The dial is made with a combination scale of steam 
pressures and equivalent saturation temperatures. As 
long as the steam in the vessel is saturated, the two 
pointers are coincident, but as soon as the steam be- 
comes saturated the pointers diverge. 


(Continued on page 36) 


COMBUSTION—dJune 1935 





AN INSTRUMENT 
WITH A THOUSAND 
USES.... 
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THE HAYS PORTABLE 
FLUE GAS ANALYZER 


EW instruments can equal the record of the Hays 
Portable Flue Gas Analyzer for all-around useful- 
ness. Chemists use it in laboratories, doctors use it in 
hospitals, line crews use it in the oil fields; but, most 
important of all, is its money saving value in power 
plants. 

Ability to meet the requirements for such diversi- 
fied classes of work leaves no questions about its 
accuracy, durability, simplicity, or speed. It operates 
on the Orsat principle—volumetric absorption. Re- 
placement of fragile glass with modern alloys at vital 
points gives it rugged strength while holding weight to 
the minimum. Anyone can use a Hays Analyzer, and 
with little practice, make CO, readings in less than 30 
seconds, or a complete analysis for CO:, O, and CO in 
3 to 4 minutes. 

The Hays Analyzer alone or combined with one of 
our 50 types of complete portable combustion Test 
Sets, is available in several different sizes with fittings 
specially designed for class of work contemplated. 
Combustion engineers are enthusiastic about the new 
Series 3000 Test Sets which include a built-in Pointer 
Type Draft Gage as illustrated above. 

Write for descriptive literature and learn about 
the Hays Technique for making “world’s fastest” 


analyses. 


THE HAYS CORPORATION 


750 E. EIGHTH ST. 


MICHIGAN CITY, IND. U.S.A. 


Combustion Instrument Specialists Since 1901 














How to Fire By The DRAFT GAGE 


BURKE FURNACE: Fire 
thru the hoppers, shake center 
grate one or two swings before 
poking, and carry 4 to 6” coke, 
on center grate by poking the 
coke, not fresh coal, from in- 
clined grates to center grate 
every 5 to 10 minutes. With 
ashpit doors open and with 
damper adjusted to the lowest 
draft that will carry the load, 
this furnace will operate con- 
tinuously at about 12% CO, and 
without smoke. For this fur- 
nace, for the furnace draft use 
the Ellison dial type gage, .5” 
range, 5” scale, $22.50. For 
200 hp. boilers and over, nat- 
ural draft, use the 2-pointer 
dial gage, 10” scale, .8” range 
for chimneys up to 140’; over 
140 to 190’, 1” range, $50. 



























Analyze your flue gas with the speedy and accurate 
Ellison Portable Gas Analyzer—corrosion proof. Use 
Ellison Special Pyro in your analyzer—the new and 
rapid absorbent for O.—long life and costs no more 
than regular Pyro. 4 0%. 65¢, 6 02. 90c. 


Ellison Draft Gage Company 
214 West Kinzie Street Chicago 


























More than 5,000 boiler plants of 
all types and sizes will testify to 
the outstanding performance of 
““Diamond’’ products: 









DIAMOND “AUTOMATIC VALVED’” SOOT BLOWERS 
DIAMOND “LOOSE WINDOW” HIGH PRESSURE GAUGES 
DIAMOND BI-COLOR WATER GAUGES 
DIAMOND HIGH PRESSURE WATER COLUMNS 
DIAMOND DESLAGGERS 
“DIAMOND AUTOMATIC AIR PUFF SOOT BLOWERS 
DIAMOND DEDUSTERS 
DIAMOND SMOKE INDICATORS 








Diamond Power Specialty Corporation 





DETROIT, MICHIGAN 
Diamond Specialty Limited 
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British Stations Average 1.58 lb 
per kw-hr 


The 1934 Report of the Electricity Commissioners 
(Great Britain) shows that during the year twenty-nine 
of the less efficient stations were shut down and four new 
ones started. The total electricity generated by steam 
(267 stations) was 16,138,402,713 kw-hr at an average 
coal consumption per kilowatt-hour of 1.58 Ib, as com- 
pared with 1.65 Ib for the preceding year. The most 
economical station from the standpoint of fuel consump- 
tion, was Battersea with 1.06 Ib per kw-hr attained with 
a load factor of 53.7 per cent. Barking ‘‘B’’ Station 
(London) had the highest thermal efficiency, namely, 
27.95 per cent, and Clarence Dock Station (Liverpool) 
was second with 26.82 per cent. 


The following tabulation taken from the May issue of 
The Fuel Economist, London, gives the coal consumption 
per kilowatt-hour, the thermal efficiencies and the load 
factors of forty-two of the leading stations. It is signifi- 
cant that over half the total output was generated in 
twenty-five of the most efficient stations and nearly a 
quarter more in twenty-eight other stations. Thus, one- 
fifth of the stations accounted for three-quarters of the 
total output, which explains the low average coal con- 
sumption per kilowatt-hour, despite the fact that the 
least efficient group of small stations averaged 6.35 Ib 
per kw-hr. Oil engine stations declined both in number 
and in output during the year. 


Coal Th. effi- Load 

Namne of Station lbs. “a ciency Factor 

Unit A a 

Barking—B wel aie sae! (GY | ice o7 . aw 51.7 
Battersea (L. P. Co.) hos eS ee 27. . =e 53.7 
Clarence Dock a vig a 1a 3. 78.5 
[ronbridge ive veh {a5 it ES dy 26.12 es 45.9 
Dunston—B a lOc 47.9 
Blackburn Meadows (New) .. L114 ... 2486... 67.5 
Thornhill : , tae *s.. 24.39 .? 39.3 
Deptford West ad aoe gas COREE tex 23.99 + 47.6 
Spondon as : oa 1.38 ... 23.86 ... 45.0 
Kearsley Si ; re . 248 ~~ BBM .. BS 
Hams Hall si ‘a ae . Aa .... SR. ...2- RS 
Kirkstall ie . 136... 2.21... 4.3 
Brimsdown—B ae =} ts ee 93.07 ... 36.9 
Hackney ca a a — a. eee F 
Portishead sie, cabaslbven viola. gilts ain a pe panne 
Portobello rar” =: “Bae “=: 39.5 
Ferrybridge 1.37 21.79 ... 65.8 
Barton 1.31 21.74 ... 49.0 
Barking—A 1.41 21.67 ... 34.1 
Lots Road 1.41 21.42 ... 44.6 
Brighton 1.32 20.95 ... 41.5 
North Tees 1.38 20.91 ... 39.7 
Neasden 1.32 980 ... 6.7 
Stalybridge (Harts head) 1.44 20.77 ... 32.8 
Lister Drive _— 3) . 1.47 20.77. ... 42.0 
Croydon ae 1.45 20.76 ... 41.6 
Chadderton 1.43 20.63 :.. 32.2 
Yoker : 1.42 2.38 ... 37.9 
Hull (Sculcoates) 1.60 20.37 ... 36.8 
Longford By ose 1.72 ... 20.08 ... 2.4 
tareenwich iy sate 1.47 20.01 .. 50.3 
Derby 1.69 19.97 ... 30.8 
Padiham sas 1.47 19.89 ... 25.9 
Deptford East ... 1.52 19.85 ... 39.9 
Northampton (Hardingstone) 1.76 19.81 ... 38.1 
Leicester ’ = sat 1.86 19.78 ... 31.2 
Clyde’s Mill _... 1.51 19.61 ... 36.0 
Carlisle (Willow Holme) 1.56 19.32 ... 40.8 
Upper Boat (S. Wales) 1.40 19.12 ... 40.6 
Norwich 1.56 19.10 ... 49.1 
Avon (Leicester and Warwick Co. 1.90 19.10 ... 26.2 
Dalmarnock (Glasgow) | 19.03 ... 30.4 
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ELECTRUNITE 








BOILER TUBES 


A MODERN type boiler tube of steel or rust-re- 
sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
by the electric resistance method. 

The weld is as strong as the wall. Diameter, concen- 
tricity and wall thickness are absolutely uniform. 
Inside and outside surfaces are smooth and free from 
scabs, slivers and rolled-in scale. Tubes are full- 
normalize-annealed, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. 

Because of these features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time 
and labor, and add to the safety and life of equipment. 
Made in a full range of sizes for fire-tube or water-tube 
boilers. Write for literature. 


STEEL AND TUBES, INC 


WORLD'S LARGES 


CLEVELAND © « ¢ OHIO 


SUBSIDIARY OF REPUBLIC STEEL CORPORATION 
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Newark, N. J. 


American Commercial Alcohol Corp. 
Pekin, Ill. 


E. M. Gilbert Engineering Corp. 
Reading, Pa. 


Glen Alden Coal Co. 


Scranton, Pa. 


Gulf Refining Co. 
Pittsburgh, Pa. 


Republic Steel Corp. 
Youngstown, Ohio 


American Sugar Refining Co. 


Brooklyn, N. Y. 


Jones & Laughlin Steel Corp. 
Pittsburgh, Pa. 


Westinghouse Elec. & Mfg. Co. 
Pittsburgh, Pa. 


Western Electric Co. 


Kearny, N. J. 


Atlantic Refining Co. 


Philadelphia, Pa. 


Equitable Office Bldg. Corp. 
New York, N. Y. 


John A. Roebling’s Sons Co. 
Trenton, N. J. 


National Biscuit Co. 


Buffalo, N. Y. 


Minnesota & Ontario Paper Company 
Minneapolis Minn. 


Virginia Public Service Co. 
Alexandria, Va. 


General Aniline Works, Inc. 
Grasselli, N. J. 


Worthington Pump & Machinery Corp. 
Harrison, N. J. 











COMBUSTION—dune 1935 


RICE 
Feedwater Control 
SERVICE 


. . . Assures a definitely 
Satisfactory Solution of 


boiler feedwater Problems 


- - « e BASED ON 30 years 
of specialization ... Nation-wide 
experience with boiler waters, 
load and operating conditions. . . 
complete and modern laboratory 


facilities. 


CYRUS Wm. RICE & CO., Inc. 


HIGHLAND BUILDING . PITTSBURGH, PA. 
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Do you know that the fuel you burn is 
the one brand best suited to the job? 
Are you cashing in on the economies 
made possible by a modernized and 


scientifically selected fuel supply ? 


The General Coal Company offers the 
power field a coal to fit every purpose 
and every analysis requirement. Every- 
thing else being equal, the General 
Coal plan enables you to take full 
advantage of your power producing 


facilities. A diversity of fuel requirements 
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can be covered from a centralized 


source of supply. 


Each General Coal Company brand 
stands for the utmost in that particular 
analysis. Strategic location to your plant 
means the efficient and expeditious filling 
of your contract requirements. 


GENERAL COAL COMPANY 
PHILADELPHIA, PA. 


BOSTON NEW YORK PITTSBURGH 
CHARLOTTE, N. C. CiNCINNATI BUFFALO 
DETROIT RICHMOND IRWIN, PA. 


GENERAL COA 
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FIRING EQUIPMENT {.. 





CENTER-RETORT UNDERFEED 


The most popular and widely used underfeed stoker 
for firing boilers in the range from 150 to 600 hp is 
Combustion Engineering’s Type E Stoker. This 
stoker can be operated successfully with virtually 
any kind of bituminous coal. More than 11,800,000 
sq ft of boiler heating surface has been equipped for 
firing with Type E Stokers. 


Type E Center-Retort Underteed Stokers in a distillery. 














MULTIPLE-RETORT UNDERFEED 


C-E Multiple Retort Underfeed Stokers are designed 
for burning caking, coking and some free-burning 
bituminous coals. Built in sizes ranging from approxi- 
mately 70 to 500 sq ft of projected area. Where de- 
sired, still larger C-E Stokers of this type will be de- 
signed to meet special requirements. More than 
2,550,000 sq ft of boiler heating surface has been 
equipped for firing with C-E Multiple Retort Stokers. 


C-E Multiple-Retort Stokers in a central heating plant. 











CHAIN GRATE 


Green Chain Grate Stokers are built in both forced 
draft and natural draft types. Both types are 
especially adapted to the use of free-burning bitumi- 
nous coals; the forced draft type may also be used 
with sub-bituminous coal and lignite. More than 
11,270,000 sq ft of boiler heating surface has been 
equipped for firing with Green Chain Grate Stokers. 


Green Chain Grate Stokers in a chemical plant. 
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TRAVELING GRATE 


Coxe Traveling Grate Stokers are especially designed 
for efficiently burning small sizes of anthracite; also 
coke breeze and lignite. A representative application 
is the extensive use of these stokers for burning mine 
wastes and refuse coke. More than 10,320,000 sq ft 
of boiler heating surface has been equipped for firing 
with Coxe Stokers. 


Coxe Traveling Grate Stokers at a coal mine 











PULVERIZED COAL 


Combustion Engineering is generally recognized as the 
foremost pioneer in the development of pulverized 
coal burning equipment in this country. More than 
11,500,000 sq ft of boiler heating surface has been 
equipped for firing with C-E pulverized coal burning 
systems of either the unit or storage type. C-E 
equipment includes all elements required for a com- 
plete installation. 


C-E Pulverized Coal Burning Equipment in a central station 











OIL, GAS OR WASTE FUELS 


Combustion Engineering also furnishes equipment for 
the efficient firing of boilers of any rating with oil, 
gas or waste fuels such as oil sludge, waste wood, com- 
bustible by-products, or rubbish of any type practi- 
cable for such use. Even such unusual materials as 
garbage and sewage sludge can be burned under boil- 
ers with other fuel, as a means of combining disposal 
with steam production. 


C-E installation for fring with either oil or pulverized coal, or both, 
in a utility plant. 
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7/ THIS DISAGREEABLE JOB! 


ERE is help for those engineers who still 

dread week-end bouts with scale. Let 
Nalco show you how to reduce, or even elimi- 
nate, all the work, worry and trouble that 
have previously been the only outstanding 
characteristics of tube cleaning. 

No matter how you figure it, the use of any 
feed-water that forms scale increases mainte- 
nance costs. And even if the boiler tubes are 
cleaned every week, they still do not approach 
the efficiency to be gained by keeping them 
continuously clean over long periods of time. 
The Nalco System helps hold new plant effi- 
ciency, even with veteran boilers. It has a 
record of having reduced maintenance costs 
in close to 3,000 of the nation’s plants. 

Find out about this modern method of keep- 
ing tubes clean, and preventing corrosion and 
carryover. Complete information on request. 


NATIONAL ALU MINATE CORPORATION 
6234 West 66th Place, Chicago 
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ABOUT 


ms A NEW 
COMPRESSOR 


LARGE SIZE, DUPLEX, HORIZONTAL STEAM DRIVEN 


The XPV steam-driven compressor is an entirely new, thoroughly modern 
machine. “Four corner’”’ construction permits any arrangement of steam 
and air cylinders. It is built to run at moderate speeds and for heavy, con- 
tinuous service. Sizes range from about 50 to 1500 horsepower with steam 
and compressor ends to meet practically any pressure conditions. 

During the past few years, when manufacturing was at a low ebb, the 
company concentrated much engineering talent on developing XPV com- 
pressors to a new high standard. 

An unusual book dealing with the XPV has just been printed. Ask for 
your copy. 








1! Broadway, New York, N. Y. 





COMBUSTION 


BARTLETT-SNOW STANDARD UNITS CAN SAVE YOU TIME AND MONEY 


LOWER STEAM, LIGHT AND POWER COSTS § 
WITH BARTLETT-SNOW WEIGH LARRIES 


HEIR boiler rooms equipped with Bartlett- 

Snow weigh larries, plant operators are in a 
position to keep accurate records of the operating 
efficiency of each boiler. Ideal combustion is 
secured, 


Coal discharged from a fixed chute segregates. 
Fines remain in the center—lumps seek the sides. 
Uneven passage for the air and uneven drafts result. 
Gases burn hottest on the sides, scoring the side 
walls and burning out the stoker. 

Bartlett-Snow weigh larries correct this condition. 
The operator records the weight in permanent 
form on a card, opens the chop gate, and moves the 
weigh larry back and forth. Segregation is elim- 
inated. Steam costs and maintenance charges go 
down. Operating efficiency goes up. 





Full details of Bartlett-Snow Special and Standard 
4, 4,1, and 2 ton weigh larries are available on 


request—or send for bulletin No. 73. It describes 
all types. No obligation. 


THE C. O. BARTLETT & SNOW COMPANY 


6208 HARVARD AVENUE CLEVELAND, OHIO 





Fo f COAL: Skip hoists, bunkers, weigh larries 
r ) ASHES: Ash hoppers, skip hoists, bunkers 


Complete coal and ash handling systems 





EXECUTIVES 
DESIGNERS 
CHIEF ENGINEERS 


Send for a copy of the new 
Boiler Plant Bulletin No. 73. 
44 pages complete with 44 dia- 
grams, 12 tables, 90 illustrations, 
describes the Bartlett-Snow 
method of securing less costly — 
more efficient operation. No 
obligation. Write today. 








